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It is not enough to study animal welfare; 
our responsibility is to promote it 
 
- A.J.F. Webster  –
  
Abstract 
 
In many countries, there is an increasing interest to assure the welfare of production animals. On-farm 
assessment of dairy cattle welfare, however, is time-consuming and, therefore, expensive. Besides this, 
effects of housing and management interventions that are aimed at improving welfare can be 
conflicting for different indicators of dairy cattle welfare. The research described in this thesis aimed to 
contribute to assurance of dairy cattle welfare by evaluating strategies to improve time-efficiency of 
welfare assessment and by identifying housing and management interventions for welfare 
improvement. Results presented are based on an observational study among 194 selected Dutch dairy 
herds. From these herds, data relating to housing, management, and indicators of the Welfare Quality 
(WQ) protocol for dairy cattle was collected on-farm, and routine herd data (RHD), relating to 
demography, management, milk production, milk composition, and fertility, was extracted from several 
national databases. Because in many countries RHD are regularly collected from dairy farms, it was 
hypothesized that RHD could be used to identify herds with potentially poor animal welfare and, 
therefore, reduce the number of on-farm assessments that are needed to identify these herds. Results 
of the literature review showed that variables of RHD have been associated with almost half of the 
welfare indicators in the WQ protocol for dairy cattle. When RHD and welfare data collected in the 
observational study were used to evaluate the value of RHD for predicting dairy cattle welfare at the 
herd level, predictions based on RHD for welfare indicators varied from less to highly accurate. For 
most welfare indicators, therefore, RHD can serve as a pre-screening test for detecting herds with poor 
welfare and reduce the number of on-farm assessments. In order to decide whether a herd should be 
visited following a pre-screening, however, value judgments about the overall welfare of herds need to 
be made. This requires combining welfare indicators in an overall score that reflects the 
multidimensional nature of welfare and the relative importance of indicators. The relative importance 
of indicators was evaluated for welfare classification of our study herds based on the WQ multicriteria 
evaluation model. Results showed that a limited number of indicators had a strong influence on 
classification of herds, and classification was not very sensitive to indicators of good health, such as 
prevalence of severely lame cows. As a different strategy for improving time-efficiency of welfare 
assessment, reduction of the time per on-farm assessment of the WQ protocol for dairy cattle was 
explored. Reduction of on-farm assessment time was simulated by omitting welfare indicators from 
the WQ protocol, and replacing observed values of omitted indicators by predictions based on 
remaining welfare indicators in the protocol. Because results showed that agreement between 
predicted and observed values of indicators was poor to moderate, it was concluded that this strategy 
has little potential to reduce on-farm assessment time. To contribute to knowledge of housing and 
management interventions that may lead to improvement of dairy cattle welfare, housing and 
management factors associated with various indicators in the WQ protocol were identified and 
compared. Surface of the lying area and pasturing in summer were commonly associated with the 
prevalence of lameness, lesions or swellings, and dirty hindquarters, but no common risk factors were 
identified for the average frequency of displacements and other welfare indictors. In conclusion, the 
present work shows that routine herd data can be used to improve time-efficiency of welfare 
assessment, whereas replacing welfare indicators by predictions based on other welfare indicators 
cannot. The WQ multicriteria evaluation model for classification of dairy cattle welfare has limitations 
in its current form. A softer surface of the lying area and pasturing in summer can enhance 
simultaneous improvement of multiple welfare indicators.  
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2 Chapter 1 
 
Worldwide, there is an increasing interest to assure the welfare of production animals (Bracke, 2009; 
Thornton, 2010; Bayvel et al., 2012). Especially in Western societies, this interest is driven by an 
increased public concern for animal welfare, which has evolved from changing socio-cultural values 
(Verbeke and Viaene, 2000; European Commission, 2007a). The increasing interest for assuring animal 
welfare is a driver for changes along livestock production chains. The World Organisation for Animal 
Health, for example, has drawn up international standards for specific issues, such as animal transport 
(OIE, 2012). In Europe, animal welfare legislation has led to, for example, a ban on crates for veal calves 
in 2007, a ban on conventional battery cages for laying hens in 2012, and minimum space allowances 
for different livestock species (e.g. EU, 1997a, b, 1999). Although mainly focussed on welfare of 
intensively kept livestock, public concerns also apply to dairy cattle (European Commission, 2007b). In 
the private sector, these concerns have led to an increasing number of agribusiness companies (e.g. 
McDonald’s Corporation, 2004; Marks and Spencer Group plc, 2010) starting programmes to assure 
their customers of a certain standard animal welfare in the production of the food products they sell 
(Fraser, 2006; Blokhuis et al., 2008).  
 
Point of origin regarding animal welfare 
Animal welfare knows many definitions, e.g. ‘the state of an individual as regards its attempts to cope 
with its environment’ (Broom, 1986) or ‘fit and feeling good’ (Webster, 2005). These definitions 
illustrate that animal welfare is a multidimensional concept (Fraser, 1995). The definition ‘fit and feeling 
good’, for example, implies that animal welfare comprises physical aspects (i.e. health and vigour) as 
well as psychological aspects (i.e. sense and feeling). Assessing animal welfare, therefore, requires a 
combination of different indicators. The Five Freedoms (FAWC, 1992) provide a generally supported 
comprehensive framework for choosing indicators of animal welfare: ‘freedom from hunger and thirst, 
freedom from physical and thermal discomfort, freedom from pain, injury and disease, freedom from 
fear and stress, and freedom to exhibit normal behaviour’.  
 
Assuring dairy cattle welfare  
 
Assuring a certain level of welfare for dairy cattle requires assessment of welfare on a regular basis 
and, if needed, improvement of housing and management practices on farms. These activities can be 
organised in welfare assurance schemes. A welfare assurance scheme is a certification scheme that 
aims to provide consumers and retailers with assurances on animal welfare (Main and Mullan, 2012). 
This scheme consists of three steps that are repeated on a regular basis: on-farm assessment of dairy 
cattle welfare, feedback of results and advice to the farmer, and implementation of interventions in 
housing and/or management to improve dairy cattle welfare (Figure 1; modified after Blokhuis et al., 
2003; University of Bristol, 2004; Webster, 2009; Blokhuis et al., 2010).  
 
Assessment of dairy cattle welfare  
In the first step of a welfare assurance scheme, the level of animal welfare is estimated in an on-farm 
welfare assessment at the farm level (Figure 1). Indicators that are included in protocols for on-farm 
assessment of animal welfare should meet the criteria of validity (the extent to which indicators reflect 
animal welfare), reliability (the extent to which the same results are obtained among different  
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Figure 1. Cyclical process of a welfare assurance scheme for assessment and improvement of dairy 
cattle welfare.  
 
observers, within observers, and over time), and feasibility (the extent to which the measurements are 
possible and practical in the on-farm situation (e.g. practical and economic; Martin and Bateson, 1993; 
Webster, 2005; EFSA, 2012).  
 
Traditionally, on-farm assessment protocols use mainly housing and management-based indicators, 
which measure the state of the animal’s environment and the way the animal is taken care of. Animal-
based indicators, however, are gaining preference over housing and management-based indicators for 
inclusion in on-farm assessment protocols. Animal-based indicators, which measure the state of the 
animal, are assumed to possess a higher validity than housing and management-based indicators 
because they are more closely linked to the actual welfare state of animals (Whay et al., 2003; Webster 
et al., 2004).  
 
Feasibility of on-farm assessment of dairy cattle welfare is a main challenge with regard to time-
efficiency, especially when animal-based indicators are used (Mülleder et al., 2007; Knierim and 
Winckler, 2009; Blokhuis et al., 2010). For example, the Welfare Quality assessment protocol for dairy 
cattle, which includes a large proportion of animal-based indicators, ranges from about 4.4 to 7.7 
hours for dairy herds of 25 to 200 cows (Welfare Quality, 2009). As a consequence, the number of days 
needed to assess dairy cattle welfare in a population approaches the number of herds in that 
population. Assessment time and associated costs of on-farm assessments may, therefore, hamper 
implementation of welfare assurance schemes.  
 
Various studies have shown associations between indicators of dairy cattle welfare. Lame cows, for 
instance, were associated with a lower body condition and changes in lying behaviour (Bowell et al 
2003; Ito et al 2010; Blackie et al 2011). Therefore, a strategy that could potentially reduce the time 
required for an on-farm assessment is to omit indicators from the protocol, and replace observed 
values of these omitted indicators by predictions based on the remaining welfare indicators in the 
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protocol. Another way to increase time-efficiency of on-farm assessment of dairy cattle welfare is to 
reduce the number of herds that are assessed. A promising strategy for this is to first estimate the level 
of dairy cattle welfare based on information in national databases. Especially in developed countries, a 
large amount of data are routinely collected from dairy farms, relating to, for example, identification 
and registration, housing, productivity, milk quality, and fertility. Therefore, they may provide a 
continuous, easy, and inexpensive opportunity to estimate the level of animal welfare on farms. So far, 
only few studies have investigated the value of routine herd data for estimating dairy cattle welfare 
(Sandgren et al., 2009; Nyman et al., 2011). Depending on the accuracy of this estimate, routine herd 
data might serve to pre-screen dairy herds for potential welfare problems, or to attribute a binding 
welfare status to herds.  
 
To decide whether a herd should be visited following a pre-screening or to attribute a welfare status to 
a herd requires a classification of the level of welfare in dairy herds. To this end, scores for individual 
welfare indicators need to be combined in an overall score. Besides other methods for combining 
welfare indicators (e.g. Bartussek et al., 2000; Bracke et al., 2002; Sandgren et al., 2009), a model was 
developed specifically for aggregation of indicators in the Welfare Quality assessment protocol for 
dairy cattle (Welfare Quality, 2009). This model assigns herds to one of four welfare classes 
(unacceptable, acceptable, enhanced, or excellent class), which should reflect the multidimensional 
nature of welfare and relative importance of various welfare indicators (Botreau et al., 2007a; Botreau 
et al., 2007b; Botreau et al., 2009). So far, however, it has not been demonstrated to which extent this is 
reflected in classification of herds. Such a validation is essential to evaluate if the model is suitable for 
its intended purpose. Moreover, sound welfare classes are essential because they might guide 
improvements that should positively affect the welfare of dairy cattle.  
 
Improvement of dairy cattle welfare 
In the second step of a welfare assurance scheme, results of the on-farm welfare assessment should be 
communicated to a farmer, as well as advice about housing and management interventions that can 
potentially lead to improved welfare (Figure 1). This gives him/her the opportunity to make 
interventions that can consolidate or improve the level of welfare (i.e. step 3 in Figure 1). The fact that 
animal welfare is a multidimensional concept, however, complicates coherent advice about housing 
and management interventions for overall welfare improvement. Changes in housing and 
management may have synergetic or opposing effects on different welfare indicators. So far, only few 
studies have investigated associations between housing and management factors and indicators 
related to different aspects of animal welfare simultaneously (e.g. Burow et al., 2012). Knowledge of 
potential synergies and trade-offs of interventions is essential for farmers who aim to improve the 
overall level of dairy cattle welfare in their herd.  
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General aim and outline of the thesis 
 
The general aim of this thesis is to contribute to assurance of dairy cattle welfare by evaluating 
strategies to improve time efficiency of welfare assessment and by identifying housing and 
management interventions for welfare improvement. 
 
The research presented in the following chapters of this thesis concern different steps of the 
theoretical framework for a welfare assurance scheme shown in Figure 2. In this scheme, the cyclical 
process of a basic welfare assurance scheme is extended with an extra cyclical process for estimation 
of the level of dairy cattle based on routine herd data.  
 
 
Figure 2. Theoretical framework for this thesis: extended cyclical process of welfare assurance scheme 
for assessment and improvement of dairy cattle welfare. Numbers refer to chapter numbers in this 
thesis 
 
In Chapter 2, scientific literature is reviewed to evaluate which variables of routine herd data have been 
associated with dairy cattle welfare indicators. In Chapter 3, the value of routine herd data for 
estimating dairy cattle welfare at the herd level is explored, based on an observational study among 
194 commercial Dutch dairy herds. In Chapter 4, the relative importance of single welfare indicators is 
evaluated for classification of these 194 herds, based on the Welfare Quality Multicriteria Evaluation 
model. In Chapter 5, the possibility to reduce on-farm assessment time of the Welfare Quality protocol 
for dairy cattle is explored. In Chapter 6, housing and management factors associated with the 
prevalence of lameness, lesions or swellings, dirty hindquarters, and the frequency of displacements 
are identified and compared. Finally, in Chapter 7, the relevance of the results of this thesis for efficient 
assessment and improvement of dairy cattle welfare are discussed.  
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Abstract  
As farm animal welfare is high on the political and societal agendas of many countries, considerable 
pressure exists to establish audit programs in which farm animal welfare is routinely monitored. On-
farm assessment of animal welfare, however, is time-consuming and costly. A promising strategy to 
monitor animal welfare more efficiently is to first estimate the level of animal welfare on a farm based 
on routine herd data that are available in national databases. It is not currently known which variables 
of routine herd data (VRHD) are associated with dairy cattle welfare indicators (WI). Our aim was to 
identify VRHD that are associated with WI in a literature review. The 27 VRHD used in this review 
included the main types of data that are currently collected in national herd databases of developed 
countries, and related to identification and registration, management, milk production, and 
reproduction of dairy herds. The 34 WI used in this review were based on the Welfare Quality 
Assessment Protocol for Cattle. The search yielded associations in 146 studies. Twenty-three VRHD 
were associated with 16 WI. The VRHD that related to milk yield, culling and reproduction were 
associated with the largest number of WI. Few associations were found for WI that referred to 
behavioral aspects of animal welfare, nonspecific disease symptoms or resources-based indicators. For 
18 WI, associations with VRHD were not significant (n = 5 WI) or no studies were found that 
investigated associations with VRHD (n = 13 WI). It was concluded that many VRHD have potential to 
estimate the level of animal welfare on dairy farms. As strengths of associations were not considered in 
this review, however, the true value of these VRHD should be further explored. Moreover, associations 
found at the animal level and in an experimental setting might not appear at the farm level and in 
common practice and should be investigated. Cross-sectional studies using integrated welfare scores 
at the farm level are needed to more accurately determine the potential of VRHD to estimate levels of 
animal welfare on dairy farms.  
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Introduction 
 
As farm animal welfare is high on the political and societal agendas of many countries, considerable 
pressure exists to establish welfare audit programs in which farm animal welfare is routinely 
monitored. These programs should be able to attribute a level of animal welfare to farms and 
eventually lead to improvement of living conditions of farm animals. Programs require the use of on-
farm animal welfare assessments, in which a farm is visited and assessed against compliance with a set 
of animal welfare criteria. In the past decades, various on-farm assessment protocols have been 
developed, for example, the Animal Needs Index (Bartussek et al., 2000) and the Bristol Welfare 
Assurance Programme (Leeb et al., 2004). More recently, knowledge of animal welfare experts in 
Europe has been integrated in the Welfare Quality (WQ) project to develop on-farm assessment 
protocols for cattle, pigs and poultry. The WQ protocols use mainly animal-based, validated welfare 
indicators to assess animal welfare on a farm. Animal-based indicators are increasingly preferred to 
resource-based indicators because they are more closely linked to the welfare of animals and can 
measure the actual state of animals regardless of how they are housed or managed (Webster et al., 
2004).  
One factor impeding the use of such animal-based protocols in welfare audit programs, is that they 
are time consuming and expensive (Knierim and Winckler, 2009). Application of the WQ protocol for 
dairy cattle, for example, takes approximately one day per herd (Welfare Quality, 2009). The number of 
days needed to visit and assess all dairy farms in a country is equal to the number of farms in that 
country. A promising strategy to monitor animal welfare more efficiently is to first estimate the level of 
animal welfare, based on national herd databases. Especially in developed countries, herd data are 
routinely collected from dairy farms, relating, for example, to identification and registration (I&R), 
housing, productivity, milk quality and fertility. An advantage of routine herd data is that they are 
regularly collected and assembled, providing a continuous, easy and inexpensive opportunity to 
estimate the level of animal welfare on farms. It is still unknown, however, which variables of routine 
herd data (VRHD) are associated with dairy cattle welfare indicators (WI). Many studies showed 
associations of VRHD with a single WI, some with various WI (e.g. Mülleder et al., 2007; Sandgren et al., 
2009), but none with a complete set of WI of a validated on-farm assessment protocol. Our aim was to 
identify VRHD that are associated with WI through a literature review.  
 
Materials and methods 
 
Variables of routine herd data 
The VRHD that were used in this review (Table 1) included the main types of data that are currently 
collected in a uniform* way in national herd databases of developed countries. In many of these 
countries, VRHD are regularly collected from residential dairy farms through identification and 
registration systems, dairy processors, rendering plants, monitoring systems for milk quality, and 
breeding enterprises. Data are collected at both the animal- and the herd level and collection 
frequency varies depending on the variable. Although not many countries have such a comprehensive 
national herd database as described in Table 1, inclusion of such a wide range of VRHD offers the 
possibility to specify associations between VRHD and WI for different national herd databases.  
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Table 1. Categories, units and sampling levels of variables of routine herd data (VRHD) 
 
Category VRHD  Unit Level 
Identification and registration (I&R) Birth date  animal 
 Slaughter Date animal 
 On-farm death  date  animal 
 Herd size  number Herd 
Management Geographic location   Herd 
 Type of housing   loose/tethered Herd 
 Certified organic y/n herd 
 Breed  % animal 
 Herd biosecurity status  open/closed herd 
 Access to pasture y/n herd 
 Use of antibiotics  mg/kg/day herd 
Milk production Yield kg/d  animal, herd 
 Predicted yield kg/d animal 
 DIM number  animal 
Milk composition Fat  % animal, herd 
 Protein  % animal, herd 
 Lactose % animal, herd 
 Urea mg/dl herd 
 Nitrogen mg/dl herd 
 SCC cells/ml animal, herd 
 Conjugated linoleic acid  mg/dl herd 
 Bacterial count  germs/ml herd 
 Freezing point degrees celcius herd 
 Antibiotics  y/n  herd 
Reproduction Insemination date  date animal 
 Calving date date animal 
 
The VRHD in Table 1 are often combined in studies to generate other variables. Combining 
insemination date and calving date, for example, can provide a pregnancy rate at first service of cows 
on a farm. Combined VRHD that were included in this review can all be linked to the VRHD that are 
listed in Table 1.  
 
Dairy cattle welfare indicators 
We used WI as defined in the Welfare Quality Assessment Protocol for Dairy Cattle (WQ protocol, 
Welfare Quality, 2009) because these indicators are mainly animal-based and are regarded as 
sufficiently valid, reliable and feasible (Knierim and Winckler, 2009). WI in the WQ protocol are 
grouped into 12 welfare criteria, which are based on principles of good feeding, good housing, good 
health and appropriate behavior (Table 2). A welfare criterion score is calculated at the herd level from 
scores of one or more WI. For example, a score for “absence of injuries” (criterion 6) is derived from the 
percentage of moderately and severely lame cows, and the percentage of cows with integument 
alterations (i.e., lesions, swellings, and hairless patches) on a farm. Although most of the WI in the WQ 
protocol are animal-based, some WI are resource-, or management-based because animal-based 
indicators were not feasible. The WQ protocol can be applied to lactating cows and dry cows in any 
type of housing system.  
 
Associations between VRHD and WI 
Associations between VRHD and WI were searched, using WI in Table 2 as single keywords in the 
scientific search engines Scopus and ISI Web of Knowledge. If the number of hits exceeded 100, WI 
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were combined with VRHD as keywords in the search engines. With the term “association”, it is 
emphasized that relationships are not necessarily causal. We focused on direct associations between 
VRHD and WI. If indicators of dairy cattle welfare, other than the WI indicators in the WQ protocol, 
were associated with VRHD, they were mentioned only if the indicator was a valid alternative to the WI 
in the WQ protocol. Water intake of cows, for example, is a valid (but not a feasible) alternative to the 
resource-based indicators for absence of prolonged thirst that are used in the WQ protocol. As 
indicators for “thermal comfort” are absent in the WQ protocol, this criterion was not considered in 
this review. Only significant associations in peer-reviewed publications in English were included in this 
review. The review was limited to studies focusing on pregnant heifers, lactating and dry cows located 
in developed countries. We did not differentiate among studies with regard to housing, management, 
or herd characteristics. Both associations on both the animal and herd levels were included. 
As a last step, the number of VRHD associated with one or more WI and the number of WI associated 
with one or more VRHD were counted. If various VRHD were combined in a variable (e.g. insemination 
date and calving date are combined in pregnancy rate at first service), all of these VRHD were counted.  
Strengths of associations were not considered in this review because studies differ in conditions, 
association measures and key parameters. Different types of association measures, e.g. correlation 
coefficients, odds ratios, hazard ratios or relative risks, are not always comparable. In addition, various 
key parameters can be used for one VRHD. For example, studies that investigate the VRHD “milk yield” 
may use peak milk yield, cumulative 60, 90, 270, or 305 d milk yield, fat and protein corrected milk 
yield or milk yield acceleration as key parameters, whereas others compare “lower” yielding cows with 
“higher” yielding cows.  
 
Results 
 
The search yielded associations in 146 studies. The VRHD were either associated or not with WI, or no 
studies were found that investigated associations between VRHD and WI (Table 3). The following 
sections describe the VRHD that were associated or not associated with WI. As WI in the WQ protocol 
are categorized within welfare criteria (Table 2), associations are shown with criteria as main headings 
and VRHD categories (Table 1) as subheadings.  
 
Absence of prolonged hunger  
Only a few studies explored associations between VRHD and the percentage of very lean cows at the 
farm level, whereas many studies associated BCS of individual cows. As the percentage of very lean 
cows is based on on-farm measurements of BCS of individual cows, associations between VRHD and 
BCS are relevant and were included in this review. In the WQ protocol BCS of individual cows is 
measured at a random moment in lactation, but most studies quantified BCS at specific moments in 
lactation. We included studies that measured BCS at the time of dry-off (dry-off BCS), BCS at the time 
of calving (calving BCS), and the lowest BCS over lactation (nadir BCS). Unless mentioned otherwise, 
the following results represent associations at the animal level, using BCS on a scale of 1 to 5 (Wildman 
et al., 1982) and classifying cows with BCS < 2 as “very lean”. If studies used a different BCS scale, 
scores were converted according to conversion equations described in Roche et al. (2004). 
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Prolonged hunger, I&R and management  
Body condition score in lactating cows is affected by age, parity, and the cow’s genotype (Roche et al., 
2009). Body condition score was higher in primiparous cows than in second or third parity cows (Gallo 
et al., 1996; Dechow et al., 2001; Friggens and Badsberg, 2007). One study found a negative assocation 
between the number of cows in a lactation group and their average BCS (Bowell et al., 2003), but the 
association with total herd size was not investigated. Cows with a lower dry-off BCS, calving BCS, and 
nadir BCS were more likely to be culled and had a shorter survival time than cows with higher BCS 
(Hoedemaker et al., 2009; Machado et al., 2010). At the farm level, the percentage of very lean cows 
was positively associated with mortality rate of calves (Sandgren et al., 2009).  
 
Prolonged hunger and milk production  
We found studies showing negative associations between BCS and milk yield (e.g. Garnsworthy and 
Topps, 1982; Treacher et al., 1986; Garnsworthy and Jones, 1987; Domecq et al., 1997b), positive 
associations (e.g. Domecq et al., 1997b; Markusfeld et al., 1997; Stockdale, 2001) and no associations 
between BCS and milk yield (e.g. Holter et al., 1990; Ruegg et al., 1992). These contradicting results 
may be explained by the nonlinear character of the association between BCS and milk yield (Roche et 
al., 2009). Various studies found a positive association between BCS and milk yield up to an optimum 
BCS, but a negative association thereafter (Bourchier et al., 1987; Waltner et al., 1993; Berry et al., 2007; 
Roche et al., 2007a). The association was nonlinear before the optimum BCS; the lower the BCS, the 
faster milk yield decreased. In the following results we focus on studies assuming such a positive, 
nonlinear association between BCS and milk yield. These studies associated BCS with milk yield, using 
peak milk yield, cumulative 60-, 90-, 270-, and 305-d milk yield, and milk yield acceleration as key 
parameters.  
Up to the optimum BCS, peak milk yield was positively associated with BCS. With lower BCS, 
differences in peak milk yields were larger. For example, peak milk yields of cows with calving BCS of 
2.25 were 5.0-5.9 kg higher than yields of cows with calving BCS of 1.25, but yields of cows with calving 
BCS of 3.75 were only 1.0 to 2.9 kg higher than yields of cows with calving BCS of 2.25 (Bourchier et al., 
1987; Roche et al., 2007a; Roche et al., 2009). Similar to peak milk yields, 60-, 90-, 270-, and 305-d 
cumulative milk yields were positively associated with BCS up to the optimum BCS, and differences in 
yields were larger with lower BCS (Waltner et al., 1993; Berry et al., 2007; Roche et al., 2007a). 
Cumulative 90-d FCM yields of cows with calving BCS of 2.0, for example, were 619 kg higher than 
yields of cows with calving BCS of 1.0, but 90-d FCM yields of cows with calving BCS of 3.0 were only 
322 kg higher than yields of cows with calving BCS of 2.0 (Waltner et al., 1993). Except for one study in 
which calving BCS of primiparous cows was positively associated with milk yield acceleration during 
the first 15 d of lactation (Domecq et al., 1997b), no other study found an association between BCS 
and milk yield acceleration.  
 
Prolonged hunger and milk composition  
Studies showed a positive linear association between nadir BCS and fat, protein and lactose contents 
of milk of individual cows. A single unit higher nadir BCS was associated with a 0.05 to 0.13% higher fat 
content, a 0.05 to 0.12% higher protein content, and 0.02 to 0.03% higher lactose content in milk 
(Berry et al., 2007; Roche et al., 2007a). Some studies found no association (Ruegg and Milton, 1995), 
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whereas others found a nonlinear association between BCS and SCC. In these studies, cows with low 
BCS showed a higher probability to have an SCC > 199,000 cells/ml (Berry et al., 2007; Breen et al., 
2009a). At the herd level, the percentage of lean cows was associated with high and low urea content 
of milk (Sandgren et al., 2009). 
 
Prolonged hunger and reproduction  
Various studies found a nonlinear association between BCS and reproductive performance (Gillund et 
al., 2001; Pryce et al., 2001; Buckley et al., 2003; Roche et al., 2007b) , whereas others only found 
tendencies (Ruegg and Milton, 1995; Domecq et al., 1997a). Nadir BCS was negatively associated with 
the postpartum anestrus interval (Buckley et al., 2003; Roche et al., 2007b; Bewley and Schutz, 2008), 
and positively associated with pregnancy rate at first service and pregnancy at 21, 42 and 84 d after 
planned start of mating (Buckley et al., 2003; Roche et al., 2007b). A low dry-off BCS and BCS at 10 wk 
postpartum was associated with a low pregnancy rate at 200 DIM (Hoedemaker et al., 2009; Machado 
et al., 2010). Averaged BCS over the first 10 weeks postpartum were positively associated with 
pregnancy rate at first service, and negatively associated with calving interval (Pryce et al., 2001). In 
another study, however, percentage of lean cows at the herd level was positively associated with 
average calving interval, and negatively associated with variation in calving interval among cows 
(Sandgren et al., 2009).  
 
Absence of prolonged thirst 
Prolonged thirst and milk production  
To our knowledge, in only two studies the effect of number of animals per drinker and water flow on 
milk yield was analyzed (Andersson et al., 1984; Andersson, 1987). Neither number of water bowls, nor 
water flow was associated with milk yield. The effect of water flow, however, was studied for tied cows 
only, and, despite the low flow rate, the lowest water intake per day was reasonably high (i.e. 77 L). 
Lactating dairy cows drink approximately 14 to 171 L of water per day (Meyer et al., 2004), depending 
on milk yield, body weight, diet, and ambient temperature.  
 
Results showed that the number of animals per drinker, and water flow were not associated with 
VRHD. Various other studies, however, associated VRHD with water intake per cow, which is an animal-
based indicator of thirst. As water intake has been associated with number of animals per drinker, 
length of water troughs, and water flow (Andersson et al., 1984; Andersson, 1987; Pinheiro Machado 
Filho et al., 2004; Teixeira et al., 2006), it facilitates an indirect association between WQ indicators of 
thirst and VRHD.  
 
Water intake and VRHD 
Water intake has been associated with milk production and composition. Daily water intake of 
individual cows was influenced by expected milk yield: high yielding cows drank more water than low 
yielding cows (Meyer et al., 2004; Cardot et al., 2008). Each additional kilogram of milk was associated 
with an additional demand of drinking water between 0.6 and 2.53 l (Castle and Thomas, 1975; Holter 
and Urban, 1992; Dahlborn et al., 1998; Meyer et al., 2004; Kramer et al., 2008). This correlation 
increased with lactation stage (Kramer et al., 2008). In case of insufficient water intake, milk yield  
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decreased (Little and Shaw, 1978; Little et al., 1980; Andersson et al., 1984; Andersson, 1987; Burgos et 
al., 2001; e.g. Bjerg et al., 2005). When drinking water intake was restricted by 10, 40, or 50% of the 
normal intake, milk yields decreased after approximately one day by 3, 16, and 27% (Little and Shaw, 
1978; Little et al., 1980; Burgos et al., 2001). With regard to milk composition, temporary water 
restriction was associated with a decreased freezing point of milk and an increased milk fat content 
(Bjerg et al., 2005). In another study, however, milk fat content did not change significantly when cows 
were given 50% water restriction, but 3% more urea and 58% more nitrogen were excreted in milk 
(Burgos et al., 2001).  
 
Comfort around resting: Resting behavior 
To our knowledge, no studies have associated VRHD with the percentage of cows colliding with 
housing equipment, or the percentage of cows lying partly or completely outside the lying area.  
 
Resting behavior, I&R and management  
The time needed for individual cows to lie down was not associated with their parity (Krohn and 
Munksgaard, 1993). Plesch et al. (2010) found an effect of housing system on mean time needed to lie 
down, percentage of cows colliding with housing equipment and percentage of cows lying partly or 
completely outside lying area, but did not specify differences between deep litter, cubicle housing and 
tie-stalls in post hoc analyses. In other studies, time needed to lie down did not differ between cows 
housed in tie-stalls and loose housing (Krohn and Munksgaard, 1993; Jensen, 1999).  
 
Comfort around resting: Cleanliness 
Cleanliness, I&R and management 
Parity was positively associated with dirty lower hind legs, hindquarter and udder in individual cows 
(Reneau et al., 2005). During winter, cows in conventional farming systems were dirtier than cows in 
certified organic farming systems (Ellis et al., 2007). Mortality of calves up to 90 d old was higher in 
herds with more dirty cows (Sandgren et al., 2009). 
  
Cleanliness and milk production  
Days in milk was positively associated with dirty lower hind legs and hindquarter in individual cows 
(Ward et al., 2002; Reneau et al., 2005), but cows were dirtier during lactation than in the dry period 
(Ward et al., 2002; Ellis et al., 2007). According to one study, cows with high and average milk yield 
were dirtier than low yielding cows (Ellis et al., 2007). Another study, however, found no association 
between cow cleanliness scores and milk yield (Fregonesi and Leaver, 2001).  
 
Cleanliness and milk composition 
Bulk tank milk SCC was positively associated with a higher percentage of dirty cows in the herd, 
especially in organic farms (Ellis et al., 2007). Individual cow SCC was also positively associated with 
dirty lower hind legs and udder (Schreiner and Ruegg, 2003; Reneau et al., 2005), although one study 
showed opposite results (Breen et al., 2009a). Individual cow SCC was not associated with dirty 
hindquarters (Reneau et al., 2005). Reneau et al. (2005) studied associations between cleanliness and 
high bulk tank milk SCC among herds with mastitis problems caused by environmental pathogens. In 
these herds, 1-point change in herd mean cleanliness score (composite udder-hind limbs score on a 1 
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(clean) to 5 (dirty) scale) was positively associated with a 40,000 to 50,000 cells/mL change in bulk tank 
milk SCC. Ellis et al. (2007) found an association between cow cleanliness and major mastitis pathogens 
(Streptococcus uberis and Staphylococcus aureus) in bulk tank milk, but not with bactoscan counts and 
clinical mastitis incidence. In other studies, contagious and environmental mastis pathogens were 
associated with dirty udders, but not with dirty lower hind legs (Schreiner and Ruegg, 2003; Breen et 
al., 2009b).   
 
Thermal comfort 
As indicators of “thermal comfort” are absent in the WQ protocol, this criterion was not considered in 
this review.   
 
Ease of movement  
Presence of tethering is a variable in the WQ protocol (Table 2), as well as in the list of VRHD (Table 1). 
Hence, presence of tethering can be directly monitored by VRHD. Access to pasture is also a variable in 
the list of VRHD, but is dichotomous (yes/no); the VRHD stands for a minimum number of days per 
year and hours per day, but not for the exact number of days per year and hours per day with access 
to pasture. For associations between VRHD and the exact number of days per year and hours per day 
with access to pasture, see paragraph about Expression of other behaviors. Number of days per year 
and hours per day with access to an outdoor loafing area are not variables in VRHD. No studies were 
found that investigated associations between access to an outdoor loafing area and VRHD. 
 
Absence of injuries: Lameness  
Lameness and I&R 
A higher age and parity of cows was associated with lameness (Rowlands et al., 1985; Groehn et al., 
1992; Pryce et al., 1999; Green et al., 2002; Hirst et al., 2002; Haskell et al., 2006; Dippel et al., 2009; 
Rutherford et al., 2009). In particular heifers showed lameness less often than cows in second or later 
lactations (Dippel et al., 2009). Many studies found a positive association between lameness and 
culling (Dohoo and Martin, 1984; Collick et al., 1989; Esslemont and Kossaibati, 1997; Rajala-Schultz 
and Gröhn, 1999; Hernandez et al., 2001; Booth et al., 2004; Bicalho et al., 2007b), whereas few studies 
found no association or a negative association (Beaudeau et al., 1994; Pasman et al., 1995). The risk of 
culling due to lameness is highest early in lactation, and decreases with time (Dohoo and Martin, 1984; 
Booth et al., 2004). Lame cows may be kept in the herd if the primary culling decision is based on other 
factors (e.g. reproductive performance), if no replacements are available, or if the herd is expanding 
(Rutherford et al., 2009). Lameness was found to be the main reason, or one of the main reasons, for 
on-farm death, explaining 11 to 21% of all (unassisted or assisted) on-farm deaths (Menzies et al., 
1995; Thomsen et al., 2004; McConnel et al., 2008; Thomsen and Sørensen, 2009).   
 
Lameness and management  
Although good stall design may reduce lameness in zero-grazing systems, zero-grazing is generally 
positively associated with the number of lame cows in freestalls (Somers et al., 2003; Haskell et al., 
2006; Hernandez-Mendo et al., 2007; Olmos et al., 2009). Some studies found a lower prevalence of 
lameness in organic farming systems (Rutherford et al., 2008; Dippel et al., 2009), whereas others found 
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no difference between conventional and organic dairy farms (Langford et al., 2009). An open herd 
biosecurity status increased risk of lameness (Rutherford et al., 2009).  
 
Lameness and milk production and composition  
Days in milk was negatively associated with lameness, with risk of lameness being highest during the 
first 3 months after calving (Green et al., 2002; Hirst et al., 2002; Knott et al., 2007). Many studies have 
associated lameness with milk yield, whereas one study found no association between lameness and 
milk yield (Haskell et al., 2006). At the herd level, mean locomotion scores were higher (i.e., more lame) 
in high yielding herds (i.e., >9,000 L/cow per yr) than in medium yielding herds (i.e., 7,000 to 8,500 
L/cow per yr) (Bowell et al., 2003; Rutherford et al., 2009). At the cow level, however, a negative linear 
relationship was found between locomotion score and milk yield (Domecq et al., 1997b; Rajala-Schultz 
and Gröhn, 1999; Warnick et al., 2001; Hernandez et al., 2002; Hernandez et al., 2005; Amory et al., 
2008). Lame cows had 0.5 to 2.8 kg/d and 424 kg/305 d lower milk yield compared with healthy cows 
(Rajala-Schultz and Gröhn, 1999; Warnick et al., 2001; Bicalho et al., 2008; Archer et al., 2010). In 
preceding lactations, however, lame cows showed higher milk yields compared with healthy cows 
(Barkema et al., 1994; Bicalho et al., 2007b; Bicalho et al., 2008). A lowered milk yield was mainly 
associated with lameness in second or later parity (Domecq et al., 1997b; Warnick et al., 2001; 
Hernandez et al., 2002; Hernandez et al., 2005). Among primiparous cows, variation in average daily 
milk yield was higher when more cows in a herd were lame (Sandgren et al., 2009). Cows with a milk 
protein content < 3.2 or > 3.8% had higher risk of being lame (Dippel et al., 2009). Somatic cell score 
was not associated with lameness (Mülleder et al., 2007).  
 
Lameness and reproduction  
Lower age at first calving was associated with a higher lameness prevalence (Rutherford et al., 2009). 
Another study, however, found no association between age at calving and lameness (Hirst et al., 2002). 
Lameness was associated with a longer interval between calving and first service, a longer interval from 
first service to conception and thus a longer interval between calving and conception (Lucey et al., 
1986; Collick et al., 1989; Barkema et al., 1994; Hernandez et al., 2001). Compared with that in healthy 
cows, the interval between calving and first service was 4 d longer, and the interval calving to 
conception was 14 to 50 d longer for lame cows (Collick et al., 1989; Hernandez et al., 2005). Pregnancy 
rate to first service in lame cows was 10% less than in healthy cows, and 0.42 more services were 
required per conception (Collick et al., 1989). At the herd level, the percentage of lame cows was 
positively associated with the percentage of cows with late ongoing services (Sandgren et al., 2009). 
Lame and severely lame cows were at a 15 and 24% lower risk of pregnancy than healthy cows, 
respectively (Bicalho et al., 2007b).  
 
Absence of injuries: Integument alterations  
Integument alterations, I&R and management 
Age and parity were positively associated with prevalence, number and severity of integument 
alterations per cow (Weary and Taszkun, 2000; Haskell et al., 2006; Rutherford et al., 2008; Kielland et 
al., 2009), whereas one study found no association (Busato et al., 2000). Hairless patches, swellings and 
lesions of the hock were more prevalent in conventional than in organic farming systems (Rutherford 
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et al., 2008; Kielland et al., 2009) and more prevalent in tie stalls than in loose housing systems (Østerås 
et al., 1990; Busato et al., 2000; Regula et al., 2004; Simensen et al.). Access to pasture was positively 
associated with the percentage of cows with knee swellings (Haskell et al., 2006), whereas other studies 
found no associations between integument alterations and access to pasture, nor with herd size 
(Busato et al., 2000; Kielland et al., 2009).  
 
Integument alterations and milk production and composition  
Days in milk was associated with integument alterations; cows in late lactation showed more 
integument alterations of the hock, but fewer integument alterations of the knee and more skin lesions 
on the neck compared with cows in early lactation (Kielland et al., 2009; Kielland et al., 2010). Herds 
with lower milk yields had more knee swellings than herds with higher yields (Haskell et al., 2006). A 
hock and teat injury was associated with a decrease of 109 and 155 kg cumulated milk yield of 
individual cows, from the day of onset to the day of recovery (Bareille et al., 2003). Other studies, 
however, found no associations of integument alterations with DIM (Weary and Taszkun, 2000), or with 
milk yield (Busato et al., 2000). Integument alterations were not associated with SCC of individual cows 
(Mülleder et al., 2007). A higher percentage of cows with integument alterations was associated with a 
lower percentage of cows with high and low urea levels in milk (Sandgren et al., 2009).  
 
Integument alterations and reproduction  
Integument alterations were associated with a lower age of first mating (Rutherford et al., 2008; 
Kielland et al., 2009). One study found an association between a high percentage of cows with 
integument alterations and a short calving interval and little variation between cows in calving interval 
(Sandgren et al., 2009), whereas studies at the cow level found no association with calving interval 
(Rutherford et al., 2008; Kielland et al., 2009).  
 
Absence of disease  
The percentage of cows with a SCC > 400,000 cells/ml and the percentage of on-farm mortality are 
variables in the list of VRHD (i.e. SCC and date of on-farm death of individual cows, Table 1). 
Assocations between these WI and other VRHD, therefore, are not discussed in the following 
paragraphs.  
 
Disease, I&R and management  
Vulvar discharge was associated with twinning and higher calf mortality (Peeler et al., 1994). 
Respiratory problems were associated with on-farm mortality (McConnel et al., 2008). Downer cows 
were most often culled in the start of lactation, and were 3.5 times more likely to be culled as healthy 
cows (Milian-Suazo et al., 1988). In the study of Cox et al. (1986), cows were defined as downer cows 
when they were nonambulatory for at least 24 h and did not die within 3 d after becoming 
nonambulatory. Thirty-three percent of the downer cows in this study recovered, 23% were 
slaughtered and 44% died or were euthanized on-farm. Currently, the transport of downer cows is 
prohibited in various countries; therefore, downer cows are less often slaughtered and more often 
recover or die on-farm. Farms with pasture as the predominant flooring surface in winter had a lower 
risk of having downer cows (Green et al., 2008). Dystocia occurred more in primiparous cows than in 
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multiparous cows and more often with bull calves than with heifer calves (Lombard et al., 2007). 
Dystocia was associated with increased death rates (Dematawewa and Berger, 1997) and decreased 
cow survival (i.e. days from calving to culling or death, Bicalho et al., 2007a), whereas it was not 
associated with culling until 200 DIM (Tenhagen et al., 2007). Dystocia was also associated with a 
higher risk of stillbirth and mortality of calves (Martinez et al., 1983; Correa et al., 1993; Peeler et al., 
1994; Lombard et al., 2007; Tenhagen et al., 2007). Access to pasture and certified organic farming 
systems were associated with less dystocia (Bendixen et al., 1986; Bruun et al., 2002; Langford et al., 
2009).  
 
Disease and milk production and composition 
Diarrhea was associated with a 35.6 kg lower cumulated milk yield from the day of onset to the day of 
recovery (Bareille et al., 2003). Days in milk was negatively associated with downer cows, and the 
downer cow syndrome occured most often in the first day after calving (Cox et al., 1986; Correa et al., 
1993). In the study of Cox et al. (1986), 58% of the downer cows became nonambulatory within 1 d, 
and an additional 37% within 100 d after calving. The downer syndrome was associated with high herd 
milk yields (Cox et al., 1986; Green et al., 2008). Green et al. (2008) found an association between a 
rolling herd average of > 9,090 kg of milk and the risk of having downer cows on a farm. Dystocia was 
negatively associated with milk yield and fat and protein contents of milk (Djemali et al., 1987; 
Dematawewa and Berger, 1997; Domecq et al., 1997b; Fourichon et al., 1999; Bareille et al., 2003; 
Bicalho et al., 2007a), whereas others found no association (Deluyker et al., 1991; Tenhagen et al., 
2007). According to Dematawewa and Berger (1997), loss in milk yield and fat and protein contents 
due to dystocia were highest in cows with lower parity. Dystocia was not associated with SCC 
(Tenhagen et al., 2007).  
 
Disease and reproduction 
One study, which used vulvar discharge as an indicator for postpartum metritis, found an association 
between vulvar discharge, and a lower pregnancy rate and calving in summer (Gautam et al., 2010). 
Dystocia was associated with decreased conception (Djemali et al., 1987; Dematawewa and Berger, 
1997; Bicalho et al., 2007a; Tenhagen et al., 2007) and with a higher number of services in primiparous 
cows (Dematawewa and Berger, 1997).  
 
Absence of pain induced by management procedures 
The act of tail docking and use of anesthetics in adult cows did not affect milk production (Tom et al., 
2002). Although tail docking is generally performed to reduce the risk of mastitis, various studies have 
found no effect on SCC or bacterial cultures of mastitis (Eicher et al., 2001; Tucker et al., 2001; 
Schreiner and Ruegg, 2002). No studies were found that investigated associations between VRHD and 
intact tails in lactating cows or the act of tail docking in calves. Animals can be disbudded when they 
are less than 3 months of age, and dehorned when they are older. To our knowledge, no studies 
investigated associations between VRHD and disbudding in calves, dehorning in older animals, or 
absence of horns in lactating cows.  
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Results showed no associations between VRHD and disbudding, dehorning, or tail docking. Indirect 
associations, however, might exist. Docked cows, for example, had higher fly numbers (Eicher et al., 
2001) and higher fly numbers were associated with a lower milk yield (Jonsson and Mayer, 1999).  
 
Expression of social behaviors 
Social behaviors and I&R 
Average age and herd size were associated with agonistic interactions (Mülleder et al., 2007) and 
interactions were doubled when new cows were introduced individually into the herd instead of 
pairwise (Neisen et al., 2009). Introduction of new cows into a herd was associated with a 2.6-fold 
increase of displacements in the feeding area (Von Keyserlingk et al., 2008). Number of displacements 
did not differ between parities (Proudfoot et al., 2009).  
 
Social behaviors and milk production and composition 
The dominance rank of cows, based on frequencies of displacements, was associated with individual 
milk yield (Phillips and Rind, 2002; Val-Laillet et al., 2008), but it was cautioned that, for example, age 
and parity could be confounded with milk yield. Others, however, found no association between 
frequency of head butts and displacements and daily milk yield (Andersson et al., 1984; Fregonesi and 
Leaver, 2001). A higher dominance rank of cows was associated with higher fat content of milk 
(Andersson et al., 1984). Somatic cell count was not associated with agonistic interactions (Mülleder et 
al., 2007).  
 
Expression of other behaviors  
The number of days per year and hours per day with access to pasture is available in the list of VRHD, 
but as a dichotomous (yes/no) variable (“access to pasture”, Table 1). The variable implies that cows 
have or do not have access to pasture for a minimum number of days per year and hours per day. The 
exact number of days per year and hours per day, however, is unknown. In the following paragraphs, 
therefore, we describe associations between VRHD and the total number of days per year and hours 
per day with access to pasture. As much variety exists in the characteristics of indoor- and outdoor- 
housing systems, effects of access to pasture should be interpreted with care (Rushen et al., 2008).  
 
Access to pasture, I&R and management.  
Obviously, the number of days per year cows spend on pasture largely depends on a farm’s 
geographic location, due to the length of the grazing season which varies by climate and soil type. 
Cows in certified organic farming systems are obliged to have access to pasture. Systems with access 
to pasture had lower culling rates than zero-grazing systems (Washburn et al., 2002; White et al., 2002) 
and grazing systems in the United States had less land and fewer cows (Gillespie et al., 2009).  
 
Access to pasture and milk production and composition 
Cows with access to pasture produce less milk per lactation than cows in zero-grazing systems (Rust et 
al., 1995; Soriano et al., 2001; Washburn et al., 2002; White et al., 2002; Hernandez-Mendo et al., 2007; 
Gillespie et al., 2009), whereas one study reported higher milk yields with access to pasture (Dillon et 
al., 2002) and another reported equal milk yields with only overnight access to pasture (Chapinal et al., 
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2010). One study found higher milk protein content in milk of cows with access to pasture compared 
with cows with zero-grazing (Dillon et al., 2002), whereas other studies found no difference in milk 
protein, fat, and lactose contents and SCC (Goldberg et al., 1992; Rust et al., 1995; Soriano et al., 2001; 
Kennedy et al., 2009). Access to pasture decreased prevalence of streptococci other than Streptococcus 
agalactiae (Goldberg et al., 1992), and increased conjugated linoleic acid and milk fat C18:1 trans 11 
concentration (Khanal et al., 2008). The concentration of conjugated linoleic acid reached its maximum 
and plateau level after 23 d of access to pasture and declined to the pre-pasture level after 4 d of 
indoor housing.  
 
Access to pasture and reproduction 
Access to pasture was not associated with reproductive performance (Washburn et al., 2002; White et 
al., 2002).  
 
Good human-animal relationship  
Avoidance distance,  I&R and milk production 
The percentage of cows that could be touched was negatively associated with herd size (Waiblinger et 
al., 2003). Avoidance distance was not associated with milk yield (Waiblinger et al., 2002). Besides herd 
size, no other associations with avoidance distance were found. Various studies, however, found 
associations between other human-animal relationship tests and milk production and composition, 
and reproduction parameters.  
 
Other human-animal relationship tests and VRHD 
Aversive handling of cows by stockpeople was negatively associated with milk yield and protein and 
fat content of milk (Seabrook, 1984; Breuer et al., 2000; Hemsworth et al., 2000; Hemsworth et al., 2002; 
Waiblinger et al., 2002), whereas one study found no assocation (Munksgaard et al., 2001). The 
presence of an aversive stockperson increased residual milk by 70% (Rushen et al., 1999). Breuer et al. 
(2000) suggested that 19% of the variation in milk yield among farms could be ascribed to fear of 
humans. Flinch, step and kick responses during milking were negatively associated with milk yield 
(Breuer et al., 2000; Bertenshaw et al., 2008). The association between approach behavior to a human 
and milk yield was not significant in one study (Hemsworth et al., 2000), but was positive in another 
study (Breuer et al., 2000). Approach behavior to a human was positively associated with conception 
rate at first service (Hemsworth et al., 2000). Flight distance was moderately associated with milk yield 
(Breuer et al., 2000; Bertenshaw et al., 2008).  
 
Positive emotional state 
We found no associations between Qualitative Behavior Assessment scores and VRHD. Nevertheless, 
the Qualitative Behavior Assessment has been associated with quantitative assessments of social 
behavior in cattle (Rousing and Wemelsfelder, 2006). Some of these social behavior indicators have 
been associated with VRHD (see paragraph about Expression of social behaviors).  
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Discussion 
 
The aim of this review was to identify VRHD that were associated with WI. We searched for 
associations between 27 VRHD and 34 WI. The search yielded associations in 146 studies. For 18 of 34 
WI, associations with VRHD were not significant (n = 5 WI) or no studies were found that investigated 
associations with VRHD (n = 13 WI). Sixteen of 34 WI were associated with VRHD. Almost all VRHD (n 
= 23) were associated with at least one WI. 
The WI in this review were taken from the Welfare Quality Assessment Protocol for Dairy Cattle. If 
welfare audit programs use other on-farm assessment protocols, the results found in this review might 
be less useful. Although welfare indicators are often based on the same fundamentals, on-farm 
assessment protocols may include indicators other than the ones used in this review, which could yield 
different associations with VRHD. Besides this, we used a wide range of VRHD whereas not many 
countries collect all of these VRHD. Potential of VRHD to estimate the animal welfare may vary among 
different national herd databases.  
 
WI not associated  
The lack of association with more than half the WI suggests that VRHD may only hold a potential in 
estimating few aspects of animal welfare. This statement, however, requires some moderation. For 
most of the 18 WI that were not associated, no studies were found that investigated associations with 
VRHD. Studies may have been absent because associations were not investigated, or results may not 
have been published. Associations between VRHD and these WI remain to be explored. With regard to 
the other WI that yielded non-significant associations with one or more VRHD, no associations were 
found with these VRHD, but associations with other VRHD were not investigated. Hence, associations 
between VRHD and the 18 WI that were not associated in this review are largely unknown and require 
further exploration. 
We can propose some plausible reasons why associations between WI and VRHD may be absent. First, 
few associations were found where WI referred to behavioral instead of physiological aspects of animal 
welfare (e.g. WI of the criteria comfort around resting, expression of social behaviors, good human-
animal relationship, and positive emotional state). On the one hand, this might indicate that VRHD 
have little potential to identify behavioral problems on farms. On the other hand, studies associating 
behavioral indicators of animal welfare with VRHD are scarce compared with studies associating 
physiological indicators of animal welfare with VRHD. Because behavioral indicators are important in 
the assessment of animal welfare (Dawkins, 2003), it is important that associations between VRHD and 
behavioral WI are included when VRHD are used to estimate the level of animal welfare on farms. 
Second, few studies were found where WI referred to non-specific disease symptoms (e.g. mean 
number of coughs, hampered respiration, diarrhea and nasal, ocular and vulvar discharge). Non-
specific symptoms are symptoms that are not associated with a particular disease, but rather with 
several diseases. These diseases have been associated with VRHD, but studies rarely associate non-
specific symptoms with VRHD directly. Diarrhea, for example, has not been associated with VRHD but 
is a sign of, for example, clinical salmonellosis in cows. Clinical salmonellosis, in turn, has been 
associated with VRHD (e.g. decreased milk production and abortion, Divers and Peek, 2007). Third, few 
associations were found for resources-based WI (e.g. WI of criteria 2 and 8, Table 2). Resources-based 
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indicators are those that relate to the environment of the animal, whereas animal-based indicators 
relate to the state of the animal itself. Resource-based indicators are often favored in on-farm 
assessment protocols when they are more feasible or reliable than animal-based indicators (Knierim 
and Winckler, 2009). The fact that some WI in this review were not animal-based, might explain their 
lack of association with VRHD. Water intake, for example, is an animal-based indicator for absence of 
thirst and, in contrast to number and water flow of drinkers, water intake was associated with VRHD. 
Presumably, VRHD (e.g., animal productivity) are more closely related to the state of the animal than to 
its resources. Hence, the use of animal-based indicators in an on-farm assessment protocol could 
enhance the potential of VRHD to estimate the level of animal welfare on farms.  
 
VRHD associated with WI 
Almost all VRHD were associated with WI, which indicates that many VRHD are related to the level of 
animal welfare on farms. This does not necessarily imply that the potential of VRHD to estimate level 
of animal welfare on farms is high.  
Variables relating to milk yield, culling and reproduction were associated with the largest number of 
WI, but using such measures of productivity to monitor animal welfare is controversial (e.g. Main et al., 
2003; Whay et al., 2003). Especially when the precise cause of poor animal welfare is unknown, changes 
or differences in productivity are generally considered to be of little relevance to assess animal welfare. 
Small changes or structural differences in productivity are found to be associated with many factors 
besides WI, such as breed or management decisions, and therefore strengths of associations with WI 
are often low (Mülleder et al., 2007). It was not possible to consider strengths of associations in this 
review, because studies differed in conditions, association measures and key parameters. Strengths of 
associations are, however, highly important in indicating the true potential of VRHD to estimate levels 
of animal welfare on farms, and should be included in future research. Large abrupt changes in 
productivity may be of greater interest than small changes or structural differences to estimate levels 
of dairy cattle welfare on farms. A large decrease in individual daily milk yield or a strong increase in 
individual SCC, for example, does not normally occur in cows with good welfare. Although the exact 
cause of change may be unknown, animal welfare is likely to be affected in such cases.  
A few other factors explain why associations found in this study should be interpreted with care. Many 
studies that were included in this review concerned experimental designs. Associations can be 
significant in such an experimental setting but not always in common practice. In addition, we included 
associations between VRHD and WI at the animal level whereas welfare assessments are made at the 
farm level. Associations at the animal level do not by definition apply at the farm level. For example, 
individual cow BCS < 1.5 was associated with an SCC > 199,000 cells/mL, but this does not necessarily 
imply that the percentage of cows with BCS < 1.5 is associated with a higher bulk tank milk SCC. 
Extrapolation of associations from the animal to the farm level depends on other risk factors, on-farm 
prevalence, and variation between farms. Besides this, we included mainly univariate associations 
between VRHD and WI in this review, but we found that VRHD was frequently associated with more 
than one WI. The numerous causes and effects of changes in productivity emphasize the multifactorial 
character of VRHD. Multivariate analyses and integration of WI scores may yield interesting results. In 
the study of Thomsen et al. (2007), for example, integrated scores at the animal level for lameness, 
body condition, hock lesions, other cutaneous lesions, vaginal discharge, condition of hair coat and 
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general condition were associated with various VRHD. Existing aggregation methods (e.g. as 
developed by Botreau et al., 2007a; Botreau et al., 2007b) could be used to integrate WI scores. Cross 
sectional studies using integrated welfare scores at the farm level are needed to more accurately 
determine the value of VRHD to estimate levels of animal welfare on farms.  
 
Conclusions 
 
Twenty-three VRHD were associated with 16 WI. Associations between VRHD and other WI were not 
significant (n = 5 WI) or no studies were found that investigated associations with VRHD (n = 13 WI). 
The VRHD that related to milk yield, culling and reproduction were associated with the largest number 
of WI. Few associations were found with WI that referred to behavioral aspects of animal welfare, non-
specific disease symptoms or resources-based indicators. It was concluded that many VRHD are 
associated with WI, but the true potential of these VRHD to estimate the level of animal welfare on 
dairy farms should be further explored.  
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Abstract  
Routine on-farm assessment of dairy cattle welfare is time-consuming and, therefore, expensive. A 
promising, more efficient strategy is to first estimate the level of animal welfare based on herd data 
available in national databases, in order to reduce the number of on-farm assessments. Our aim was to 
explore the value of routine herd data for estimating dairy cattle welfare at the herd level. From 
November 2009 through March 2010, seven trained observers collected data for 41 welfare indicators 
in a selected sample of 183 loose housed- and 13 tethered Dutch dairy herds (herd size: 10 to 211 
cows) using the Welfare Quality protocol for cattle. For the same herds, routine herd data relating to 
demography, management, milk production and composition, and fertility were extracted from several 
national databases. Routine herd data were used as potential predictors for each welfare indicator in 
logistic regression at the herd level. Nineteen welfare indicators were excluded from the predictions, 
because they showed a prevalence below 5% (15 indicators), or were already listed as routine herd 
data (four indicators). Predictions were less accurate for seven welfare indicators, moderately accurate 
for 14 indicators, and highly accurate for one indicator. By forcing to detect nearly all herds with a 
welfare problem (sensitivity of at least 97.5%), specificity ranged from 0 to 81%. By forcing almost no 
herds to be incorrectly classified as having a welfare problem (specificity of at least 97.5%), sensitivity 
ranged from 0 to 67%. Overall, the best performing prediction models were those for the indicators 
access to at least two drinkers (resource-based), percentage of very lean cows, cows lying outside the 
supposed lying area, and cows with vulvar discharge (animal-based). Most frequently included 
predictors in final models were percentages of on-farm mortality in different lactation stages. It was 
concluded that, for most welfare indicators, routinely collected herd data have value for estimating 
dairy cattle welfare. Routine herd data can serve as a pre-screening tool for detecting herds with a 
welfare problem, and consequently reduce the number of farm visits needed for routine welfare 
assessments. Routine herd data also hold value for continuous monitoring of dairy cattle welfare. 
Prediction models developed in this study, however, should first be validated in additional field studies.  
Herd data and dairy cattle welfare: 
observational study 35 
 
 
 
Introduction 
 
Because farm animal welfare is high on political and societal agendas of many countries, pressure 
exists to establish welfare assurance programs in which farm animal welfare is routinely assessed. 
These programs require the use of on-farm animal welfare assessments, in which farms are visited and 
assessed against compliance with a set of animal welfare criteria. Routine on-farm assessment of dairy 
cattle welfare, however, is time-consuming and, therefore, expensive (Knierim and Winckler, 2009; 
Blokhuis et al., 2010). This is especially true when on-farm assessments use mainly animal-based 
indicators, which are increasingly preferred over resource-based indicators because they are more 
closely linked to the welfare of animals (Webster et al., 2004). The Welfare Quality assessment protocol 
for dairy cattle, for example, in which the majority of indicators is animal-based, takes about 4.4 to 7.7 
h for herds of 25 to 200 cows (Welfare Quality, 2009). The time and consequent costs of  on-farm 
assessment protocols may inhibit their use in welfare assurance programs.  
A promising, more efficient strategy may be to first estimate the level of animal welfare based on 
national herd databases, leading to a reduction in the number of on-farm assessments. Especially in 
developed countries, all kind of data are routinely collected from dairy farms, relating, for example, to 
demography, milk quality, productivity, and fertility. These routine herd data (RHD) are regularly 
collected and assembled, and therefore might provide a continuous, easy, and inexpensive opportunity 
to estimate the level of animal welfare on farms. Various studies have shown associations between 
variables of RHD and dairy cattle welfare indicators (WI; De Vries et al., 2011). Milk yield, for example, 
has been associated with body condition, water intake, lameness, integument alterations, social 
behaviors, and various indicators of disease (e.g. Burgos et al., 2001; Phillips and Rind, 2002; Bareille et 
al., 2003; Haskell et al., 2006; Bicalho et al., 2008; Roche et al., 2009). These studies investigated mainly 
univariable associations, associations in an experimental setting, or associations at the animal level. 
Because WI are often associated with various RHD, it has been suggested that the potential of RHD for 
estimating dairy cattle welfare may increase when they are combined in multivariable analyses (De 
Vries et al., 2011). To determine its suitability for practical application, this potential should be 
evaluated in an observational study at the herd level.  
To our knowledge, only two studies have explored the value of RHD for estimating dairy cattle welfare 
in an observational study at the herd level, using multivariable analyses. Sandgren et al. (2009) used 
RHD to identify herds with poor welfare in 55 Swedish dairy herds. A herd was considered to have 
poor welfare if it was among the 10% worst scoring herds for at least two of nine animal-based 
indicators assessed. Based on the same dataset, Nyman et al. (2011) aimed to identify herds with good 
welfare, which were herds that were not among the 10% worst scoring herds for any of the nine 
animal-based indicators assessed. In both studies, sensitivity and specificity were optimized, and used 
to evaluate performance of final prediction models. Sensitivity is the probability of correctly identifying 
a herd with poor welfare, whereas specificity is the probability of correctly identifying a herd with no 
poor welfare.  
In our study, we included a larger number of dairy herds and more WI to evaluate the value of RHD for 
estimating dairy cattle welfare than Sandgren et al. (2009) and Nyman et al. (2011). We focused on the 
fact that a high sensivity, a high specificity, or an optimum value for both sensitivity and specificity may 
be demanded in different decision-making contexts (Greiner et al., 2000). A high sensitivity, for 
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example, may be required when overlooking herds with poor welfare is considered unacceptable, 
whereas a high specificity may be demanded when costs of on-farm welfare assessments are a serious 
impediment. Optimizing both sensitivity and specificity may be required if the purpose is to estimate 
welfare levels in a population for which the prevalence is unknown, or to monitor welfare over time. In 
these three contexts, RHD could be used as a pre-screening-, instant assessment-, or monitoring tool, 
respectively. However, a trade-off exists between sensitivity and specificity (Dohoo et al., 2009). The 
higher the proportion of herds that are correctly identified as having poor welfare (i.e. high sensivity), 
for example, the higher the proportion of herds that are incorrectly identified as having poor welfare 
(i.e. more false-positives, thus low specificity). These trade-offs must be evaluated in order to judge the 
value of RHD for different applications. Our aim, therefore, was to explore the value of routine herd 
data for estimating dairy cattle welfare at the herd level, by using different levels of sensitivity and 
specificity.  
 
Materials and methods 
 
Sources of routine herd data 
Both for herd selection and evaluation of their potential for estimating dairy cattle welfare, we used 
data from several national databases containing RHD relating to demography, management, milk 
production, milk composition, and reproduction (Table 1). Data stored in these databases are routinely 
collected from Dutch dairy farms by the Dutch identification and registration (I&R) system, the 
rendering plant, the milk quality assurance company (participation legally required), the animal health 
service, and the cattle improvement syndicate (voluntary participation). Sampling frequency at the 
farm varies from continuous (e.g. slaughter date) to approximately four weeks (e.g. individual milk 
yield), and registration is at the animal or the herd level, depending on the variable. These databases 
cover all Dutch dairy herds for most data, except for test-day data of the cattle improvement 
syndicate, which covers about 80% of all Dutch dairy herds.  
 
Herd selection  
To properly evaluate the value of RHD for estimating dairy cattle welfare, we aimed for data from 
herds that span a wide range of levels of animal welfare. For approximately 5,000 herds in the RHD 
database participating in a health program of a Dutch dairy cooperative, we calculated a composite 
health score (CHS) between 0 (worst) and 50 (best). CHS, for which RHD was used from January 2008 
through June 2009, consisted of five variables shown to be associated with animal welfare (De Vries et 
al., 2011): cow and young stock mortality, bulk tank milk SCC, new udder infections, and fluctuations in 
standardized milk production. A herd was assigned zero points per variable when it was among the 
10% worst values, and 10 points when it was among the 90% best values of all herds in the RHD 
database in 2004. Subsequently, 500 herds were approached to participate in the study: 250 herds 
were randomly selected from the 5% lowest CHS (i.e. CHS ? 40) and 250 herds from the 95% highest 
CHS (i.e. CHS > 40). From these 500 herds, 163 farmers responded positively, 75 negatively and 262 
failed to respond. Non-responders were contacted by phone. In total, 196 farmers agreed to 
participate: 90 from the 5% lowest CHS, and 106 from the 95% highest CHS.  
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Table 1. Categories, units, and sampling levels of routine herd data (RHD) at the original sampling 
level, and variables of RHD at the herd level  
Category RHD (sampling level) Unit Level RHD (herd level) 
     
Demography Birth date  Animal Herd size (n cows), change in herd size (%), 
average age (months), cows older than 5 y (%), 
cows < 60 DIM (%), replacement (%), slaughter 
(%), slaughter of cows < 210 DIM (y/n), on-farm 
mortality of cattle in different age categories (%), 
on-farm mortality of cows in different lactation 
stages (y/n) 
 Slaughter  date  Animal 
 On-farm mortality  date  Animal 
    
Management Type of housing1 loose/tethered Herd Loose housing (y/n), pasturing (y/n), herd 
biosecurity status (open/closed), certified 
disease-free status for BVD (y/n), IBR (y/n), 
Salmonella (y/n) 
 Access to pasture1 yes/no Herd 
 Herd biosecurity status open/closed Herd 
 Certified disease-free 
status 
yes/no Herd 
 Certified organic1,2 yes/no Herd 
Milk production Yield kg/d Herd Average milk yield per cow/d (kg), net result (€)3, 
change in net result (%), average DIM,   Yield kg/d Animal 
 Predicted yield kg/d Animal 
 Days in milk (DIM) number Animal 
Milk composition Fat % Herd Average fat (%), average protein (%), average 
urea (%), average proportion fat/protein of cows 
0-60 DIM, FFA (mmol/100 g), butryric acid 
bacteria (y/n), bulk tank milk SCC (cells/mL), cows 
with udder infection4 (%), cows with new udder 
infection4 (%), heifers with udder infection4 (%), 
average SCC of cows in different lactation stages 
(cells/mL) 
 Fat % Animal 
 Protein % Herd 
 Protein % Animal 
 Lactose % Herd  
 Urea mg/dL Herd 
 FFA  mmol/100 g Herd 
 Butyric acid bacteria yes/no Herd 
 Antibiotics2  yes/no Herd 
 SCC cells/mL Herd  
 SCC cells/mL Animal 
Reproduction Artificial insemination date Animal Non-return 56 d (%), average services per cow, 
cows with more than 2 services (%), abortion (%), 
average expected calving interval (d), average 
realized calving interval (d), average interval 
calving to first service (d) 
 Calving date Animal 
1 Data was obtained during farm visit 
2 Variable excluded from analysis due to observed prevalence < 5% 
3 Economic returns per average kg milk, fat, and protein, based on 305 d milk yield, fat contents, and protein contents, corrected 
for calving interval, and age and season of calving. 
4 Udder infection is defined as SCC > 150,000 cells / mL in first parity cows and SCC > 250,000 cells / mL in second or higher 
parity cows 
 
Data collection and processing 
Dairy cattle welfare 
Seven observers, all with previous experience in dairy production and handling, were trained to use the 
Welfare Quality assessment protocol for dairy cattle (Welfare Quality, 2009) in a three-day course 
given by delegates of the Welfare Quality consortium. Each observer visited 14 to 48 herds during the 
winter months of November 2009 through March 2010, when cows had been denied access to pasture 
for at least 2 weeks. During a farm visit, observers collected data for 41 WI using assessment methods 
described briefly below (details can be found in Welfare Quality (2009)).  
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Table 2. Threshold values1 for conversion of continuous welfare indicators to a binary scale (‘minor’ or 
‘major’ problem) and observed prevalence per class for 194 selected Dutch dairy herds  
  Level 
Assessment method Indicator Minor problem Major problem 
  threshold n herds threshold n herds 
Avoidance distance test Avoidance distance index > 57.8 141 ? 57.8 47 
Qualitative behavior 
assessment 
Qualitative behavior index > -2.7 145 ? -2.7 49 
Behavioral observations Mean frequency of head butts per cow/h ? 1.1 145 > 1.1 49 
 Mean frequency of displacements per cow/h ? 0.55 145 > 0.55 49 
 Mean time to lie down (s) ? 6.3 116 > 6.3 78 
 Cows colliding with stall components (%) ? 30 104 > 30 90 
 Cows lying outside lying area (%) ? 5 169 > 5 25 
 Mean frequency of coughing per cow/15 min2 ? 6 194 > 6 0 
Clinical observations Very lean cows (%) ? 6.7 148 > 6.7 46 
 Moderately lame cows (%) ? 33.0 146 > 33.0 48 
 Severely lame cows (%)3 ? 11.8 136 > 11.8 45 
 Cows with hairless patches (%) ? 44.1 144 > 44.1 49 
 Cows with lesions or swellings (%) ? 58.8 144 > 58.8 49 
 Cows with dirty hind legs (%) ? 50 43 > 50 151 
 Cows with dirty udder (%) ? 19 125 > 19 69 
 Cows with dirty hindquarter (%) ? 19 52 > 19 142 
 Cows with ocular discharge (%)2 ? 6 172 > 6 22 
 Cows with nasal discharge (%) ? 10 186 > 10 8 
 Cows with diarrhea (%) ? 6.5 146 > 6.5 48 
 Cows with vulvar discharge (%) ? 4.5 175 > 4.5 19 
 Cows with hampered respiration (%)2 ? 6.5 194 > 6.5 0 
Resources checklist No. (or length (cm)) of drinkers per 15 cows ? 1 (? 60) 161 < 1 (< 60) 33 
 Cows have access to at least two drinkers  Yes 176 No 18 
 Clean drinkers2 Yes 192 No 2 
 Dehorned young stock (%) < 15 13 ? 15 181 
 - Method2 Thermal 180 Chemical 1 
 - Use of analgesics2 Yes 8 No 172 
 - Use of anaesthetics2 Yes 3 No 150 
 Dehorned adult cattle (%)2 < 15 194 ? 15 0 
 - Use of analgesics2 Yes 0 No 0 
 - Use of anaesthetics2 Yes 0 No 0 
 Cows tail docked (%)2 < 15 194 ? 15 0 
 - Method2 Rubber ring 0 Surgery 0 
 - Use of analgesics2 Yes 0 No 0 
 - Use of anaesthetics2 Yes 0 No 0 
Interview No. of days lactating cows are tethered per year4 < 15 181 ? 15 13 
 Tethered cows have exercise >1 h per day2 Yes 0 No 13 
 On-farm mortality (%)4 ? 4.5 194 > 4.5 0 
 Cows with SCC > 400,000 (%)4 ? 4.5 20 > 4.5 167 
 Dystocia (%) ? 5.5 121 > 5.5 72 
 Access to pasture (days per year)4 > 0 145 0 49 
1 Threshold values adapted from Welfare Quality (2009). If not available in Welfare Quality (2009), threshold value was based on 
the 25% worst scoring herds in this study 
2 Indicator excluded from predictions due to observed prevalence < 5% for one of the two classes  
3 Assessed in loose housing systems only 
4 Indicator excluded from predictions because it was in the list of routine herd data 
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For the avoidance distance at the feeding rack (AD), which was measured on a predefined sample of 
lactating and dry cows (Welfare Quality, 2009), the observer approached individual cows from the front 
starting at a distance of 2 m on the feed bunk. The avoidance distance was estimated at the moment 
the cow moved back, turned, or pulled back the head, and was categorized in one of four categories: > 
100 cm, 100 to > 50 cm, 50 to > 0 cm, or touched. The percentage of cows in each AD category was 
weighted and aggregated into an ‘AD index’ ranging from 0 (worst) to 100 (best). For the qualitative 
behavior (QB) assessment (Wemelsfelder, 2007), cows were observed in segments of the barn for 20 
minutes, regardless of the number of cows in the herd or in a segment. After this observation, 20 
descriptors were scored on a visual analogue scale between 0 (expressive quality of the descriptor was 
entirely absent in any of the animals) and 125 mm (dominant across all observed animals). The 20 
descriptors were weighted and aggregated into a ‘QB index’ ranging from –10 (worst) to 7 (best). 
Subsequently, lying behavior, agonistic behavior, and coughing were recorded in segments (with a 
maximum of approximately 25 lactating cows) using continuous behavior sampling (Martin and 
Bateson, 1993). During clinical observations, 13 health indicators (Table 2) were assessed for a 
predefined sample of lactating and dry cows. Body condition was scored on a 5 points scale, and 
grouped into classes “very lean” (score 1) and “not very lean” (score ? 2). Locomotion was scored on a 
5 points scale, and grouped into classes “not lame” (scores 1 and 2), “lame” (score 3) and “severely 
lame” (scores 4 and 5). Assessment details of other indicators of the clinical observations can be found 
in the WQ protocol (2009). Besides this, 20 WI were collected using a resources checklist and an 
interview. Identical indicators were used for cattle in loose housing and tie stalls, except for lameness. 
Cows in tie stalls were categorized in two lameness classes (not lame or lame), instead of three (not 
lame, lame or severely lame).  
Data collected at the animal level was expressed as WI at the herd level (Table 2). Continuous WI were 
converted to a binary scale representing a minor or severe problem based on threshold values for a 
‘serious problem’ or ‘alarm’ described in Welfare Quality (2009; Table 2). When threshold values were 
not available in the Welfare Quality protocol, WI were dichotomized using the 75th percentile as a 
threshold value.   
 
Routine herd data 
After all farm visits were done, RHD described in Table 1 were extracted from the RHD database for the 
quarter of the year in which the on-farm welfare assessment was performed: October through 
December 2009, or January through March 2010. For some RHD, data was extracted for a larger period 
of time in order to ensure sufficient prevalence (slaughter and on-farm mortality), to include changes 
over time (change in herd size and net result, new udder infections), to avoid seasonal variation (milk 
fat, protein, and urea), or to include reproduction parameters (e.g. calving interval). Missing values in 
the RHD database were replaced - if available - with the herd average of quarters of the year 2009. 
Besides data available in the RHD database, additional data (Table 1) were obtained during the farm 
visits that could potentially be used as RHD because they are easy to register. Raw data were 
expressed as 46 variables of RHD at the herd level (Table 1).  
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Statistical analyses  
To explore associations between continuous variables of RHD and WI, Spearman rank correlations 
were calculated. They were preferred over Pearson correlations, because a number of variables could 
not be assumed to be (approximately) normally distributed. Variables of RHD and WI were not 
included in the statistical analyses when the standard deviation was zero (for continuous variables) or 
the prevalence among classes less than 5% (for binary variables). Calculations for correlations and 
building of prediction models were performed with GenStat (GenStat for Windows, 2011), and 
evaluation of the predictive ability of models with IBM SPSS Statistics 19.0 (SPSS Inc., 2010).  
 
Building prediction models  
Dichotomized WI were considered as response variables (Y) and variables of RHD as predictors (X) in 
logistic regression with herd as sampling unit. To judge their potential for prediction, each predictor 
was first screened individually by fitting a simple generalized linear model (McCullagh and Nelder, 
1989) specifying a Bernouilli distribution with a logit link function. Quadratic terms of some predictors 
were included in the analyses to capture potential nonlinear associations with the response variable 
(De Vries et al., 2011). Predictors with a P-value (from the Wald test) below 0.20 in the first screening 
were included in subsequent multivariate analyses. The number of predictors was further reduced in 
the multivariate analyses using both backward and forward stepwise procedures, with Akaike’s  
Information Criterion (AIC) as a selection criterion. On the union of the two final models of the 
stepwise procedures, predictors were selected in best subset selection based on a minimum AIC value. 
Only predictors with a P-value (from the Wald test) below 0.10 were retained in the final model. For 
each WI, the final model yielded a posterior probability (between 0 and 1) for each herd to be in the 
severe problem class. A cutoff value could be chosen in the next steps for this posterior probability to 
classify herds as having a minor (probability <  cutoff value) or severe problem (probability ? cutoff 
value).  
 
Evaluating predictive ability of the models 
Predictive ability of each model was evaluated based on sensitivity and specificity for the observed and 
predicted classification of herds. Sensitivity was defined as the proportion of herds correctly predicted 
to have a severe problem. Specificity was similarly defined for herds in the minor problem class. A 
trade-off exists between sensitivity and specificity; lowering the cutoff value for the posterior 
probability results in an increased sensitivity and decreased specificity, whereas raising the cutoff value 
results in the opposite effect (Dohoo et al., 2009).  
To evaluate the overall performance of each prediction model, sensitivity and specificity were 
calculated for various cutoff values. Sensitivity and 1-specificity (i.e. proportion of false-positives) were 
plotted in a Receiver Operating Curve (ROC) and the area under the ROC curve (AUC) was calculated. 
The AUC is a summary statistic of diagnostic accuracy, equivalent to the probability that the model will 
rank a randomly chosen herd with a severe problem higher than a randomly chosen herd with a minor 
problem (Greiner et al., 2000). AUC values were interpreted using an informal classification system for 
accuracy of prediction as suggested by Greiner et al. (2000): non-informative (AUC = 0.5), less accurate 
(0.5 < AUC ? 0.7), moderately accurate (0.7 < AUC ? 0.9), highly accurate (0.9 < AUC < 1.0), and  
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Table 3. Performance (area under the curve (AUC, 95% confidence interval (CI)), sensitivity given a 
specificity of 97.5% (SeSp=97.5%), specificity given a sensitivity of 97.5% (SpSe=97.5%), and sensitivity, 
specificity, and accuracy given a maximized sum (S) of sensitivity and specificity (SeSmax ,SpSmax and 
ACCSmax)) of prediction models for welfare indicators  
Indicator  AUC  
(95% CI) 
SeSp=97.5% 
(%) 
SpSe=97.5% 
(%) 
SeSmax  
(%) 
SpSmax  
(%) 
ACCSmax (%)
        
Avoidance distance index  0.57 (0.48-0.67)2 6.4 5.1 53.2 63.0 60.6 
Qualitative behavior index  0.73 (0.64-0.82) 33.3 9.8 47.9 91.6 80.6 
Average frequency of head butts  0.70 (0.62-0.78) 6.1 23.4 67.3 70.3 69.5 
Average frequency of displacements  0.70 (0.62-0.78) 14.6 14.0 81.3 58.7 64.4 
Mean time to lie down (s)  0.77 (0.70-0.84) 13.2 7.9 51.3 90.4 74.7 
Cows colliding with stall components (%)  0.64 (0.56-0.72) 3.4 0.0 40.2 83.3 63.3 
Cows lying outside lying area (%)  0.81 (0.72-0.90) 32.0 29.8 68.0 80.1 78.5 
Very lean cows (%)  0.81 (0.75-0.88) 20.0 39.3 86.7 63.6 69.1 
Moderately lame cows (%)  0.77 (0.68-0.85) 14.3 21.7 66.7 85.3 80.7 
Severely lame cows (%)1  0.75 (0.67-0.83) 20.5 23.5 70.5 72.0 71.6 
Cows with hairless patches (%)  0.64 (0.55-0.72) 4.1 23.6 89.8 38.2 51.3 
Cows with lesions or swellings (%)  0.73 (0.65-0.82) 19.1 14.1 55.3 82.4 75.5 
Cows with dirty hind legs (%)  0.69 (0.60-0.78) 9.0 22.0 75.7 53.7 70.8 
Cows with dirty udder (%)  0.75 (0.68-0.82) 16.2 9.8 77.9 64.8 69.5 
Cows with dirty hindquarters (%)  0.72 (0.65-0.80) 29.6 6.0 60.0 78.0 64.8 
Cows with nasal discharge (%)  0.78 (0.68-0.88) 18.2 29.3 77.3 69.5 69.8 
Cows with diarrhea (%)  0.69 (0.60-0.77) 10.6 20.3 70.2 59.4 62.1 
Cows with vulvar discharge (%)  0.81 (0.69-0.92) 36.8 21.7 57.9 91.4 88.1 
Number (length) of drinkers  0.67 (0.58-0.76) 0.0 14.4 87.9 47.5 54.4 
Access to at least two drinkers  0.96 (0.93-0.99) 66.7 80.7 100 80.7 82.5 
Dehorning young stock (%)  0.84 (0.72-0.96) 23.5 30.8 83.8 76.9 83.3 
Dystocia (%)  0.60 (0.52-0.68) 0.0 5.8 59.7 59.5 59.6 
        
1 Assessed in loose housing systems only 
2 AUC not significantly (P < 0.05) higher than 0.5  
 
perfect (AUC = 1). AUC values of each prediction model are shown in the results. As an example, final 
prediction models and ROC curves are shown for the WI with the highest AUC, for the animal-based 
WI with the highest AUC, and for the percentage of severely lame cows. Lameness was chosen because 
it has been recognized as the most important issue regarding dairy cattle welfare (Whay et al., 2003; 
Lievaart and Noordhuizen, 2011).  
Subsequently, the performance of prediction models was evaluated for three levels of sensitivity and 
specificity: high sensitivity, high specificity, and both sizeable sensitivity and specificity. To evaluate the 
performance of prediction models with a high sensitivity level, the cutoff value for the posterior 
probability was set such that sensitivity was at least 97.5%. Specificity was determined for this cutoff 
value (SpSe=97.5%). To evaluate the performance of prediction models with a high specificity level, the 
cutoff value for the posterior probability was set such that specificity was at least 97.5% (i.e. 2.5% false-
positives). Sensitivity was determined for this cutoff value (SeSp=97.5%). To optimize the proportion of 
correctly classified herds in both the minor and severe problem class, the cutoff value for the posterior 
probability was set such that the sum of sensitivity and specificity was maximized (Smax =  max (Se + 
Sp)). Sensitivity, specificity, and the percentage of correctly classified herds (i.e. accuracy) were 
determined for this cutoff value (SeSmax, SpSmax, and ACCSmax).  
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Figure 1. Spearman rank correlation coefficients per welfare indicator when compared with routine 
herd data (AD = avoidance distance, QB = qualitative behavior). 
 
Results  
 
Animal welfare and routine herd data were collected from 196 Dutch dairy herds, yielding data for 41 
WI and 46 variables of RHD. Data of two herds was excluded from the analyses because the WQ 
protocol could not be executed correctly in these herds. In the remaining 194 herds, herd size ranged 
from 10 to 211 lactating cows and average milk production from 9.7 to 34.5 kg per cow/d. Cows were 
loose-housed on 181 farms, and tied on 13 farms. On 153 farms, cows had access to pasture in 
summer, and 42 herds had an automatic milking system. Twelve herds showed missing values of RHD. 
In four of these herds, missing values were replaced by historical data of the year 2009. Nineteen WI 
were excluded from the statistical analyses because they showed a prevalence of less than 5% (15 WI), 
or were already listed as variables of RHD (four WI; Table 2).  
Correlations between continuous WI and variables of RHD ranged from -0.33 (average milk production 
per cow/d versus percentage of cows with dirty hindquarters) to 0.31 (average SCC of cows 120-210 
days in milk versus percentage of moderately lame cows; Figure 2). For dichotomized WI, the number 
of severe problems ranged from three to 17 per herd. Out of the 46 variables of RHD that were 
considered, 36 were included in final prediction models of one or more WI (Appendix). Variables of 
RHD relating to demography were included in the largest number of prediction models, followed by 
variables relating to milk composition, management, milk production, and fertility. The variable of RHD 
most frequently included in final models was on-farm mortality of cows less than 60 days in milk 
(included in models of eight WI).  
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Figure 2. Receiver operating curves representing the predictive ability of the models for three welfare 
indicators: access to at least two drinkers, percentage of very lean cows, and percentage of severely 
lame cows (AUC = area under the receiver operating curve (95% confidence interval); diagonal line 
represents an AUC of 0.5). 
 
Overall performance of prediction models  
Median AUC was 0.73, ranging from 0.57 (AD index) to 0.96 (access to at least two drinkers; Table 3). 
Except for the AD index, AUC was significantly higher than 0.5 for all WI. AUC values were interpreted 
as a less accurate prediction for seven WI, a moderately accurate prediction for 14 WI, and a highly 
accurate prediction for one WI (resource-based). When AUC of animal-based WI were compared only, 
AUC ranged from 0.57 (AD index) to 0.81 (percentage of cows lying (partly) outside the supposed lying 
area, percentage of very lean cows, and percentage of cows with vulvar discharge), which was 
interpreted as a less to moderately accurate prediction.  
Figure 2 shows ROC curves for the WI with the highest AUC (access to at least two drinkers), for the 
animal-based WI with the highest AUC and smallest 95% confidence interval (percentage of very lean 
cows), and for percentage of severely lame cows. Access to less than two drinkers was associated with 
a smaller herd size and a lower replacement rate (Table 4). The risk of more than 6.7% very lean cows 
was associated with a higher replacement rate, higher on-farm mortality and higher SCC of cows less 
than 60 days in milk, no on-farm mortality of cows 120-210 days in milk, more services per cow, 
shorter expected calving interval, and was non-linearly associated with milk fat contents and the 
interval from calving to first service (Table 5). The risk of more than 12% severely lame cows was 
associated with zero-grazing, a larger herd size, higher on-farm mortality of cows 0-60 days in milk,  
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Table 4. Results from a logistic regression of access to at least two drinkers on routine herd data  
(193 herds, mean deviance = 31.9, P-value < 0.001)  
Predictor Estimate (s.e.) P-value 
Constant  6.6 (2.0)  
Herd size -0.12 (0.03) <.001 
Replacement (%) -0.08 (0.05) 0.098 
 
Table 5. Results from a logistic regression of percentage of very lean cows on routine herd data  
(184 herds, mean deviance = 4.5, P-value < 0.001)  
Predictor Estimate (s.e.) P-value
Constant  -127.3 (59.2) 
Replacement (%) 0.07 (0.03) 0.018
On-farm mortality of cows 0-60 days in milk (%) 0.21 (0.11) 0.047
On-farm mortality of cows 120-210 days in milk (y/n) -1.4 (0.52) 0.009
Milk fat (%) 65.5 (32.0) 0.040
Milk fat (%) squared  -9.2 (4.4) 0.037
Average SCC of cows 0-60 days in milk (103 cells/mL) 0.003 (0.001) 0.023
Average services per cow 4.1 (1.4) 0.003
Average expected calving interval  -0.05 (0.02) 0.028
Interval calving to first service (d) 0.3 (0.13) 0.017
Interval calving to first service (d) squared -0.001 (0.0006) 0.059
 
Table 6. Results from a logistic regression of percentage severely lame cows on routine herd data  
(175 herds, mean deviance = 3.6, P-value < 0.001)  
Predictor Estimate (s.e.) P-value
Constant   -24.1 (8.7) 
Access to pasture  -0.79 (0.46) 0.087
Herd size 0.009 (0.005) 0.074
Mortality of cows < 60 days in milk (%) 0.05 (0.03) 0.065
Mortality of cows 120-210 days in milk (%) 0.50 (0.24) 0.035
Average days in milk (d) 0.16 (0.08) 0.057
Average days in milk (d), squared term -0.0004 (0.0002) 0.074
Proportion fat to protein of cows < 60 days in milk 4.8 (2.3) 0.039
 
 
on-farm mortality of cows 120-210 days in milk, a higher proportion fat/protein of cows less than 60 
days in milk, and was non-linearly associated with average days in milk (Table 6).  
 
Performance of models for different levels of sensitivity and specificity 
By forcing nearly all herds with a severe problem to be detected (i.e. a sensitivity of 97.5%), median 
SpSe=97.5% was 21.0%, ranging from 0.0% (percentage of cows colliding with components of the stall) to 
80.7% (access to at least two drinkers; Table 3). This indicates that 19.3 to 100% of the herds were 
incorrectly assumed to have a severe problem (i.e. false-positives). When SpSe=97.5% of animal-based WI 
were compared only, the highest SpSe=97.5% was 39.3% (percentage of very lean cows).  
By forcing almost no herds to be incorrectly classified as having a severe problem (i.e. a specificity of 
97.5%), median SeSp=97.5% was 15.4%, ranging from 0.0% (percentage of dystocia) to 66.7% (access to at 
least two drinkers; Table 3). When SeSp=97.5% of animal-based WI were compared only, the highest 
SeSp=97.5% was 36.8% (percentage of cows with vulvar discharge).  
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By optimizing the proportion of correctly classified herds in the minor and severe problem class (i.e. a 
maximum sum of sensitivity and specificity), median SeSmax was 69.1% and median SpSmax was 71.2%. 
Similar to AUC, the maximized sum of sensitivity and specificity was lowest for the AD index (SeSmax = 
53.2 and SpSmax = 63.0; Table 3) and highest for access to at least two drinkers (SeSmax = 100 and SpSmax 
= 80.7). When animal-based indicators were considered only, the maximized sum of sensitivity and 
specificity was highest for percentage of moderately lame cows (SeSmax = 66.7 and SpSmax = 85.3). The 
median percentage of correctly classified herds was 69.7%, ranging from 51.3% (percentage of cows 
with hairless patches) to 88.1% (percentage of cows with vulvar discharge; Table 3).   
 
Discussion 
 
Our aim was to explore the value of routine herd data for estimating dairy cattle welfare at the herd 
level, by using different levels of sensitivity and specificity. To this end, the predictive potential of 46 
variables of RHD was evaluated for each of the 41 WI of the Welfare Quality protocol for dairy cattle. 
Four of these WI were already listed as RHD: the percentage of on-farm mortality, the percentage of 
cows with an SCC > 400,000, access to pasture, and tethering of cows. These WI can be instantly 
assessed without needing to verify the values in an on-farm welfare assessment. Fifteen other WI 
showed a prevalence of less than 5%. With the exception of five WI relating to issues that are 
regulated by law in many countries (tail docking and use of anaesthetics for dehorning young stock), 
we do not recommend exclusion of these indictors from the Welfare Quality protocol because herds in 
our study may not be representative for other populations and prevalence can change over time.  
Herds in this study were selected on the basis of a composite health score to achieve more variation in 
the level of animal welfare. The composite health score consisted of five variables of RHD, which were 
also used for prediction of WI. This has most likely resulted in stronger correlations between observed 
and predicted WI values, and may have slightly inflated estimated sensitivity and specificity, because 
herds with more extreme values are easier to detect for predictors. However, the evaluation of the 
multiple regression models can be expected to be markedly more accurate for selected herds than for 
random herds, which was the prevailing argument for selection of herds.  
Because our aim was to evaluate the potential of RHD for prediction of WI, causalities of associations 
between RHD and WI were not considered, nor was confounding. Therefore, it has to be emphasized 
that associations found in this study do not necessarily imply a direct causal relationship between RHD 
and WI. Despite the fact that a causal relationship might not exist, some of the predictors included in 
the final models for prediction of WI were possibly indicative of management styles related to welfare 
in herds, e.g. the certification for a BVD-, IBR-, or salmonella-free status. For some other predictors, an 
association with the outcome variable was not expected. A result contradictory to our expectation, for 
example, was an association between a reduction in herd size and a severe problem for the percentage 
of cows lying (partly) outside the supposed lying area. Including variables in the prediction model 
where a causal relationship is doubtful might make future predictions less accurate (Dohoo et al., 
2009). As in any study where prediction variables are selected and the number to select from is 
relatively large, an element of overfitting and chance relationships is involved. Therefore, promising 
prediction models should be validated in additional field studies before they can be applied in 
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practice. They should be regularly re-evaluated thereafter, because indirect relationships between 
predictors and WI may change.  
 
Performance of final models  
Despite modest correlations between individual variables of RHD and WI, predictions of WI were less 
to highly accurate. This suggests that RHD have value for estimating almost all WI in the Welfare 
Quality protocol for dairy cattle. The prediction model for the index for avoidance distance towards 
cows at the feeding rack did not do better than a random guess. This does not imply that this WI is not 
a valid indicator for animal welfare, but it shows that little association existed with variables of RHD 
included in this study. Associations between RHD and this WI were also absent in earlier studies 
(Waiblinger et al., 2002; Waiblinger et al., 2003). For other types of human-animal relationship tests, 
however, associations have been found with milk yield and conception rate at first service (Breuer et 
al., 2000; Hemsworth et al., 2000; Bertenshaw et al., 2008). Also, aversive handling by stockpeople was 
negatively associated with milk yield in various studies (Rushen et al., 1999; Breuer et al., 2000; 
Hemsworth et al., 2000; Hemsworth et al., 2002). Hence, RHD might be more relevant for indicators 
showing the human-animal relationship other than the avoidance distance at the feeding rack.  
The best performing prediction model was the model for access to at least two drinkers, which is a 
resource-based indicator. This WI was strongly associated with herd size; farms in which cows had 
access to at least two drinkers housed 91 cows on average, whereas farms in which cows had access to 
less than two drinkers housed 36 cows. Housing system was probably a confounding factor for this 
association. Thirteen of the 18 herds with access to less than two drinkers were housed in tie-stalls, 
and providing more than one drinker per cow is not common for tie-stalls in the Netherlands.  
When animal-based WI were considered only, best performing models were those of the percentage 
of cows lying (partly) outside the supposed lying area, percentage of very lean cows, and percentage 
of cows with vulvar discharge. To our knowledge, no other  studies have investigated associations 
between variables of RHD and cows lying outside the supposed lying area, except for one study who 
found an association with housing system (Plesch et al., 2010). The association between a severe 
problem for the percentage of very lean cows and a higher replacement rate was comparable to 
results of Hoedemaker et al.(2009) and Machado et al.(2010), who found that cows with a lower BCS 
were more likely to be culled and had a shorter survival time than cows with higher BCS. Similar to our 
results, other studies showed an association of very lean cows with lower milk fat contents (Berry et al., 
2007a; Roche et al., 2007a), higher SCC (Berry et al., 2007b; Breen et al., 2009), and worse reproductive 
performance (e.g. Buckley et al., 2003; Roche et al., 2007b). Associations between vulvar discharge and 
calf mortality or pregnancy rate (Peeler et al., 1994; Gautam et al., 2010) were not found in our study. 
To our knowledge, associations between vulvar discharge and age, mortality, urea contents of milk, 
and certified disease free statuses in our study have not been investigated in other studies so far.  
Predictions of WI measured in behavioral observations were only slightly less accurate than predictions 
of WI measured in clinical observations (median AUC = 0.70 vs 0.75). So far, few other studies have 
investigated associations between behavioral WI and variables of RHD (De Vries et al., 2011). Similar to 
the results of our study, agonistic interactions (i.e. head butts and displacements) have been associated 
with average age (Mülleder et al., 2007). Agonistic interactions increase when new animals (which are 
often heifers) are introduced into established social groups (Von Keyserlingk et al., 2008). Also, a 
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higher dominance rank of individual cows based on their agonistic interactions has been associated 
with higher age, and with higher fat contents of milk (Andersson et al., 1984; Val-Laillet et al., 2008), 
but these are not necessarily comparable to the herd-level associations between agonistic interactions, 
average age, and average fat contents in our study.  
Overall performance of our prediction models could not be compared with results of similar studies by 
Sandgren et al. (2009) and Nyman et al. (2011), because they did not report AUC values. These studies 
reported a correct classification of 77 and 76% of the herds, with a sensitivity of 77 and 96%, and a 
specificity of 91 and 56%, respectively. In both studies, prediction models were developed with the aim 
to enhance both sensitivity and specificity, which might be more or less comparable to our method of 
maximizing the sum of sensivity and specifity. Considering the same animal-based indicators as 
included by Sandgren et al. (2009) and Nyman et al.(2011) only, the median performance of our 
prediction models seemed not as good as the performance of the models of Sandgren et al. (2009) 
and Nyman et al. (2011); slightly less herds in our study were classified correctly (ACCSmax = 71%), with 
a lower sensitivity (SeSmax = 71%) and an intermediate specificity (SpSmax = 72%). Reasons for this 
difference might be related to the the use of a different outcome variable (WI were analyzed 
separately in our study, and concerned adult dairy cows only), different variables of RHD, and a 
different procedure for selection of prediction variables. Besides this, results of Sandgren et al. (2009) 
and Nyman et al. (2011) were based on a lower number of herds and a higher number of RHD to select 
from, which might have induced (more) overfitting, and consequently a more optimistic impression of 
the predictive power.  
 
Value of RHD for practical applications  
The value of RHD for estimating WI was evaluated for different levels of sensitivity and specificity (high 
sensitivity, high specificity, and highest sum of sensitivity and specificity) in order to judge its suitability 
for different applications. First, a sensitivity of 97.5% was set in order to force that nearly all herds with 
a severe welfare problem were detected. An example of an application is the use of RHD as a pre-
screening tool in which the welfare level of herds is first estimated based on RHD. Due to its trade-off 
with specificity, setting sensitivity to 97.5% resulted in a specificity below 40% for most WI. This means 
that more than half of the herds were incorrectly assumed to have a severe problem. Using RHD as a 
pre-screening tool for detecting nearly all herds with a severe welfare problem, therefore, demands a 
verification of the level of welfare in an on-farm assessment to identify false-positives. In terms of a 
reduction in time (and costs), this tool shows a large advantage compared to random farm visits for 
identification of herds with a severe welfare problem. Assuming a population of 18,000 dairy herds 
(which is the approximate number of dairy herds in the Netherlands) in which 25% of the herds have a 
severe problem for the percentage of cows with severe lameness, for example, application of this pre-
screening tool would result in a reduction of 16% of the number of farms that need to be visited to 
detect at least 97.5% of the herds with a severe problem, compared to random farm visits. Time 
reduction can be improved even more if the proportion of herds with a severe problem that needs to 
be detected is lower. For example, to detect 70% of the herds with a severe problem for the same 
population, application of the pre-screening tool would result in a reduction of 45% of the number of 
farm visits, compared to random farm visits. 
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Next, a specificity of 97.5% was set in order to force that almost none of the herds was incorrectly 
assumed to have a severe problem (i.e. few false-positives). An example of an application is the use of 
RHD as an instant assessment tool for the level of dairy cattle welfare of herds, in which an incorrect 
assumption of herds having a severe problem is hardly permissible. Hence, it is assumed that the 
predicted classification needs no verification in an on-farm assessment. Because of a trade-off between 
sensitivity and specificity, however, sensitivity was below 40% for most WI, and below 15% for half of 
the WI, when specificity was set to 97.5%. This means that, by keeping the number of false-positives at 
a minimum, only a small part of the herds with a severe welfare problem will be detected. Except for 
WI that are already listed as RHD (on-farm mortality, SCC > 400,000, pasturing, and tethering), 
applying RHD as an assessment tool might lead to detection of only a very small proportion of the 
herds with a severe welfare problem, whilst many other herds with a severe problem are overlooked.  
In the last step, the sum of sensitivity and specificity was maximized in order to optimize the 
proportion of correctly classified herds in both the minor and severe problem class. An example of an 
application is the use of RHD as a monitoring tool to estimate the level of welfare in a population for 
which the prevalence is unknown, or to monitor levels of animal welfare over time. Results showed 
that, based on RHD, up to 81% herds could be classified correctly for the minor- and 100% for the 
severe problem class of a resource-based indicator, and up to 85 and 67% for an animal-based 
indictor. This shows that RHD have value for estimating levels of dairy cattle welfare, but does not 
inform us how accurate levels of welfare would be estimated in a population for which the prevalence 
is unknown. Therefore, the use of RHD as a monitoring tool should be evaluated in additional field 
studies. 
 
Predictors of dairy cattle welfare 
Prediction variables most frequently included in final models were RHD relating to demography (18 
WI), especially on-farm mortality in different lactation stages (15 WI). This is consistent with results of 
Sandgren et al. (2009) and Nyman et al. (2011), who considered nine animal-based indicators: 
cleanliness, body condition (assessed in calves, young stock, and dairy cows), injuries and 
inflammations, lameness, and rising behavior (assessed in dairy cows only). Besides mortality rates, 
Sandgren et al. (2009) and Nyman et al. (2011) included fertility measures, stillbirth rate, mastitis 
incidence, and incidence of feed-related diseases as predictors in their final models. In our study, RHD 
relating to fertility and stillbirth were predictors for similar WI: the percentage of cows with dirty 
hindlegs, with dirty hindquarter, and with diarrhea, very lean cows, moderately lame cows, and cows 
lying (partly) outside the supposed lying area. Mastitis incidence and incidence of feed-related 
diseases are not routinely collected in the Netherlands.  
Type of housing was initially included in models of five WI, but dropped from the final model because 
the P-value exceeded 0.10. The lack of significance was probably due to the small number of tie-stalls 
in our study, but, because of large differences between tie-stalls and loose-housing systems, it might 
as well indicate that associations between variables of RHD and WI are very different for these two 
types of housing systems. Therefore, more data are needed to evaluate associations between variables 
of RHD and WI in tie-stalls separately.  
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Suggestions for improvement 
Threshold values distinguishing between good and poor for an overall level of dairy cattle welfare are 
essential for decision making, e.g. for assigning a welfare status to a herd, or deciding to visit a herd 
for advisory services. Because no threshold values were available in the Welfare Quality protocol for 
nine WI, we decided to use threshold values based on the 25% worst scoring herds. This was a 
somewhat arbitrary choice, especially because herds were not randomly selected and therefore not 
representative for the Dutch dairy population. Preferably, threshold values should be decided upon by 
experts. To distinguish between good and poor for an overall level of dairy cattle welfare, however, WI 
also need to be aggregated to an overall score. Among other existing methods to aggregate WI, a 
method based on expert opinion has been developed specifically for aggregating Welfare Quality 
indicators, assigning herds to an unacceptable, acceptable, enhanced, or excellent class (Botreau et al., 
2009). This enhances the opportunity to evaluate the potential of RHD for estimating an overall score 
for dairy cattle welfare at the herd level. This Welfare Quality classification method, however, needs 
further validation (M. de Vries, unpublished data).   
Routine herd data were extracted from the RHD database for the quarter of the year in which the on-
farm welfare assessment was performed and converted to variables of RHD at the herd level based on 
average herd values. However, as WI were selected for the Welfare Quality protocol based on their 
long-term consistency (among other criteria), variables of RHD might show a stronger correlation with 
WI when they cover a longer period of time. In addition, because many associations between variables 
of RHD and WI have been found at the individual cow level (De Vries et al., 2011), coefficients of 
variation might show potential to increase the value of RHD for estimating dairy cattle welfare. Besides 
this, additional data that can be easily obtained might contribute to more accurate predictions, such as 
results of post-mortem inspections at abattoirs (e.g. Herva et al., 2011). The potential of these data for 
predicting WI at the herd level should be further investigated.  
 
Conclusions 
 
Routinely collected herd data have value for estimating dairy cattle welfare. For most welfare 
indicators, RHD can serve as pre-screening tool for detection of herds with a severe welfare problem, 
and consequently reduce the number of farm visits that are needed for routine assessment of animal 
welfare. RHD also hold value for continuous monitoring of animal welfare, but are not very suitable for 
instant-assessment of dairy cattle welfare. The true value of RHD for estimating dairy cattle welfare, 
however, should be validated in additional field studies. Besides this, the potential of RHD to estimate 
an overall welfare score for herds, and additional data that can be easily obtained should be 
investigated in order to increase the value of RHD for estimating dairy cattle welfare. 
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Abstract  
The Welfare Quality multicriteria evaluation (WQ-ME) model aggregates scores of single welfare 
measures into an overall assessment for the level of animal welfare in dairy herds. It assigns herds to 
four welfare classes: unacceptable, acceptable, enhanced, or excellent. The aim of this study was to 
demonstrate the relative importance of single welfare measures for WQ-ME classification of a selected 
sample of Dutch dairy herds. Seven trained observers quantified 63 welfare measures of the Welfare 
Quality protocol in 183 loose housed- and 13 tethered Dutch dairy herds (herd size: 10 to 211 cows). 
First, values of welfare measures were compared among the four welfare classes, using Kruskal-Wallis 
and Chi-square tests. Second, observed values of single welfare measures were replaced with a 
fictitious value, which was the median value of herds classified in the next highest class, to see if 
improvement would enable a herd to reach a higher class. Sixteen herds were classified unacceptable, 
85 acceptable, 78 enhanced, and none excellent. Classification could not be calculated for 17 herds 
because data were missing (15 herds) or data was deemed invalid because the stockperson disturbed 
behavioral observations (two herds). Herds classified unacceptable showed significantly more very lean 
cows, more severely lame cows, and more often an insufficient number of drinkers than herds 
classified acceptable. Herds classified acceptable showed significantly more cows with high SCC, with 
lesions, that could not be approached closer than 1 m, colliding with components of the stall while 
lying down, lying outside the lying area, fewer cows with diarrhea, more often an insufficient number 
of drinkers, and scored lower for the descriptors “relaxed” and “happy” than herds classified enhanced. 
Increasing the number of drinkers and reducing the percentage of cows colliding with components of 
the stall while lying down were the changes that were most effective in allowing herds classified 
unacceptable and acceptable, respectively, to reach a higher class. The WQ-ME model was not very 
sensitive to improving single measures of good health. It was concluded that a limited number of 
welfare measures had a strong influence on classification of dairy herds, especially for herds classified 
unacceptable. Classification of herds based on the WQ-ME model in its current form might lead to a 
focus on improving these specific measures, and divert attention from improving other welfare 
measures. The role of expert opinion and the type of algorithmic operator used in this model should 
be reconsidered.  
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Introduction  
 
The need for methods to assess the overall level of animal welfare on farms has been stressed 
frequently (e.g. European Commission, 2002; Blokhuis et al., 2003). An overall level of farm animal 
welfare can facilitate product labeling, encourage producers to improve animal welfare, and, in the 
future, might even become part of export legislation (Blokhuis et al., 2010). There are various measures 
used to assess animal welfare, e.g. animal behavior, heart rate, or cortisol levels in blood (Broom and 
Fraser, 2007). Measures need to be combined, however, to determine overall level of animal welfare on 
farms. Although it has been argued that science should not attempt to perform overall welfare 
assessment because value judgments are inherently involved (e.g. Fraser, 1995), others state that 
overall welfare assessment is not arbitrary and high level of accuracy can be achieved (Bracke et al., 
1999). In spite of different viewpoints, various models have been developed to assess overall level of 
animal welfare, e.g. the Animal Needs Index in Austria and Germany (Bartussek et al., 2000), and a 
decision support system for overall welfare assessment of sows in the Netherlands (Bracke et al., 2002).  
More recently, Welfare Quality multicriteria evaluation (WQ-ME) models were developed for different 
livestock species in the Welfare Quality project (Botreau et al., 2009). Input for the WQ-ME model for 
dairy cattle are on-farm welfare measures described in the Welfare Quality assessment protocol 
(Welfare Quality, 2009). Compared with other models that combine welfare measures in an overall 
score, a large proportion of welfare measures in this WQ-ME model are animal-based. Animal-based 
measures for assessing welfare are increasingly preferred over resource-based measures among 
animal welfare scientists, because they are more closely linked to the welfare of animals and can 
measure the actual state of animals, regardless of how they are housed or managed (Bartussek, 1999; 
Whay et al., 2003; Webster, 2009; Rushen et al., 2011). The WQ-ME model uses different algorithmic 
operators, e.g. a decision tree or a weighted sum, to aggregate measures into an overall score (Botreau 
et al., 2008b). These operators were parameterized based on value judgments of animal and social 
scientists, and partners and members of the Welfare Quality project on the relative importance of the 
different welfare measures in the Welfare Quality protocol (Botreau et al., 2008a; Botreau et al., 2008b; 
Botreau et al., 2009). The WQ-ME model assigns dairy herds to four welfare classes: unacceptable, 
acceptable, enhanced, or excellent. These welfare classes should reflect the multidimensional nature of 
welfare and relative importance of various welfare measures (Botreau et al., 2007a,b).  
The WQ-ME model was tested on 69 commercial European dairy herds visited during the Welfare 
Quality project, and partly adjusted according to these results. Although classification of some of these 
herds was compared with the general impression of observers who audited the farms (Botreau et al., 
2009), it has not yet been demonstrated to what extent classification reflected the relative importance 
of welfare measures and multidimensional nature of welfare. Such a validation is essential, however, to 
evaluate if the model is suitable for its intended purpose. Moreover, besides validity of the model for 
the 69 herds of the source population (i.e. internal validity), validity of the model should be tested in 
other herds (i.e. external validity (Dohoo et al., 2009)). Sound welfare classes are essential because they 
will guide improvements that should positively affect the welfare of farm animals. The aim of this 
study, therefore, was to demonstrate the relative importance of single welfare measures for WQ-ME 
classification of a selected sample of Dutch dairy herds.  
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Materials and methods  
 
Herd selection  
To properly demonstrate the relative importance of single welfare measures for WQ-ME classification, 
we aimed for data from herds that span a wide range of levels of animal welfare. Therefore, herds were 
selected based on a composite health score (CHS). For 5,000 Dutch dairy herds participating in a 
health scheme of a Dutch dairy cooperative, we calculated a CHS between 0 (worst) and 50 (best). CHS, 
for which we used readily available data in herd databases from January 2008 through June 2009, 
consisted of five variables that have been shown to correlate with animal welfare (De Vries et al., 2011): 
cow and young stock mortality, bulk tank milk SCC, new udder infections, and fluctuations in 
standardized milk production. Herds were assigned zero points per variable when it was among the 
10% worst values, and 10 points when it was among the 90% best values of all dairy herds in 2004. 
Subsequently, 500 herds were approached to participate in the study: 250 herds were randomly 
selected from the 5% lowest CHS (i.e. CHS ? 40) and 250 herds from the 95% highest CHS (i.e. CHS > 
40). From the 500 herds, 163 farmers responded positively, 75 negatively and 262 failed to respond. In 
these three respective groups, 45, 49, and 64% were from the 5% lowest CHS (i.e. CHS ? 40). Non-
responders were contacted by phone. In total, 196 farmers agreed to participate: 90 from the 5% 
lowest CHS, and 106 from the 95% highest CHS.  
 
Farm visits 
Seven observers, each with previous experience in dairy production and handling, were trained to use 
the Welfare Quality assessment protocol for dairy cattle (Welfare Quality, 2009). Herds were randomly 
distributed among these observers, who were blind for the herds’ CHS. Each observer visited 14 to 48 
herds once from November 2009 through March 2010, when cows had been denied access to pasture 
for at least 2 weeks. Observations were made on a predefined number of lactating and dry cows (for 
sample sizes, see Welfare Quality, 2009). Data were collected on cow and herd level, depending on the 
type of measurement. After data collection, data were expressed as welfare measures at herd level. 
These welfare measures could be either continuous or categorical, and were expressed on different 
scales depending on the measure (e.g. percentage of severely lame cows or mean time to lie down). 
 
Aggregation of welfare measures into a WQ-ME classification 
The Welfare Quality assessment protocol for dairy cattle consists of 63 welfare measures, which were 
aggregated following a three step aggregation process (Welfare Quality, 2009, Figure 1): 63 welfare 
measures were aggregated into 12 criteria, these 12 criteria were aggregated into four principles, and 
these four principles were aggregated into one classification. Different types of algorithmic operators 
were used in this aggregation process: decision tree, weighted sum, linear combination, conversion to 
ordinal score, least squares spline curve fitting, and Choquet integral (Figure 1).   
 
In the first step of the aggregation process, decision trees were used to aggregate categorical 
measures into three criteria. A decision tree leads to a number of possible outcomes, each of which 
was attributed a criterion score (based on expert opinion). For other criteria, welfare measures were 
first combined into a weighted sum or converted to an ordinal score representing, for example, no 
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Table 1. Median (range) of welfare measures1 for herds selected from the 5% lowest-, and 95% highest 
composite health scores2 (CHS)  
 
 Herds selected from  
Welfare measure 5% lowest CHS 
(n = 90) 
95% highest CHS 
(n = 89) 
P-value 
Percentage of cows:    
- very lean  3.1 (0-28.6) 2.0 (0-20.0) 0.086 
- dirty udder 15.1 (0-93.9) 11.4 (0-64.7) 0.074 
- dirty hindquarters  45.7 (0-100) 28.0 (0-100) 0.015 
- lame  26.6 (0-52.5) 21.3 (3.3-58.7) 0.090 
- severely lame  6.2 (0-46.9) 3.8 (0-65.9) 0.087 
- milk SCC > 400,000  13.8 (2.6-36.3) 8.4 (0-24.9) 0.000 
- diarrhea  0 (0-46.5) 2.1 (0-34.2) 0.016 
- on-farm mortality  0.8 (0-30.0) 0.4 (0-3.1) 0.000 
Average number of coughs per cow/15 min 0.07 (0-0.4) 0.06 (0-0.2) 0.077 
Tethered (n herds) no (81) no (88) 0.010 
 yes (9) yes (1)  
Dehorning calves (n herds) no (10) no (1) 0.005 
 yes (80) yes (88)  
QBA descriptors3: relaxed, agitated, calm, 
content, fearful, happy, irritable, lively, positively     
< 0.10 
1 Measures with P > 0.10 not shown.  
2 CHS based on cow and young stock mortality, bulk tank milk SCC, new udder infections, and fluctuations in standardized milk 
production. 
3 Median and range of descriptors for the Qualitative Behavior Assessment (QBA) not shown. 
 
problem, a moderate problem, or a severe problem. The number of moderate and severe problems 
were then combined into a weighted sum, a so-called index value, on a scale from 0 (worst) to 100 
(best). Finally, these index values and remaining welfare measures were converted to a criterion score 
(expressed on the same 0-100 scale), employing spline functions (Ramsay, 1988) that were fitted by 
least-square methods. A detailed description and the rationale behind the use of algorithmic operators 
in the construction of criteria can be found in Botreau et al. (2007b, 2008a,b) and Veissier et al. (2011).  
In the second step, a Choquet integral (Choquet, 1953; Grabisch et al., 2008) was used to aggregate 
the 12 criteria into four principles (Figure 1). This integral uses weights to combine the different 
criterion scores into one principle score (expressed on the 0-100 scale), while limiting the possibility 
that a poor score of one criterion is compensated by excellent scores of others (Botreau et al., 2007b; 
Veissier et al., 2011). These weights, therefore, depend on the values of the criterion scores, whereas 
the sum of these weights equals 1. For example, when the criterion score for Absence of prolonged 
hunger was lower than the criterion score for Absence of prolonged thirst, the weights attributed to 
Absence of prolonged hunger and Absence of prolonged thirst were 0.73 and 0.27. When the criterion 
score for Absence of prolonged hunger was higher than the score for Absence of prolonged thirst, 
however, the weights attributed to Absence of prolonged hunger and Absence of prolonged thirst 
were 0.12 and 0.88. Values for weights were based on expert opinion (Botreau et al., 2008b).  
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Finally, herds were assigned to one of four welfare classes: unacceptable, acceptable, enhanced, or 
excellent, based on reference profiles for the four principles (Botreau et al., 2009): to be classified 
excellent, a herd must score at least 55 for each principle and at least 80 for two principles; to be 
classified enhanced, each principle must be above 20 and at least two above 55; to be classified 
acceptable, each principle must be above 10 and at least three above 20. Herds that did not comply 
with the minimum aspirational scores were classified unacceptable, which means that at least one 
principle was below 10 or at least two below 20.  
To parameterize the algorithmic operators used for aggregation of welfare measures and criteria, 
virtual and empirical datasets were presented to expert panels of 13 animal scientists (measures) and 
14 animal and social scientists (criteria), who individually ranked farms and gave an absolute score on 
the 0-100 scale for each farm presented in each of the datasets (Botreau et al., 2008a; Botreau et al., 
2008b). Partners of the Welfare Quality project, a task force, and members of the Management 
Committee and Advisory Committee (i.e. stakeholder representatives) were consulted to agree upon 
parameters for the aggregation of principles into an overall classification (Botreau et al., 2009).  
The WQ-ME model was programmed in GenStat for Windows Release 14 (VSN International Ltd, 
Hemel Hempstead, UK) following the Welfare Quality report for the construction of criteria (Botreau et 
al., 2008a) and the Welfare Quality assessment protocol for dairy cattle (Welfare Quality, 2009) for the 
construction of principles and classification.  
 
Data analyses 
To evaluate if herd selection based on CHS resulted in a wider range of animal welfare levels and in a 
larger proportion of herds in lower WQ-ME classes, we compared welfare measures and classification 
of herds selected from the 5% lowest CHS with herds selected from the 95% highest CHS. In addition, 
we evaluated whether herds in the two CHS groups (5% lowest versus 95% highest) were distributed 
equally across observers. Mann-Whitney U and Chi-square tests were used, since the assumption of 
normality was often not appropriate.  
To demonstrate the relative importance of single welfare measures for WQ-ME classification, 
classification of herds was evaluated in two ways: by comparing of welfare measures of herds in the 
four WQ-ME classes, to determine whether groups of herds in these classes differed; and by evaluating 
of the impact of replacing observed values for welfare measures with improved, fictitious values on 
herd classification (sensitivity analyses), to determine which improvements were most effective in 
allowing herds to reach a higher classification.  
 
Comparison of WQ-ME classes 
We compared welfare measures for herds in the different WQ-ME classes using the Kruskal-Wallis and 
Chi-square tests, since the assumption of normality was often not appropriate. Post-hoc pairwise 
comparisons were made using Mann-Whitney U and Chi-square tests. Analyses were performed in 
SPSS 17.0 (IBM SPSS Inc., Chicago, USA). Welfare measures were not considered for analyses when the 
standard deviation was zero or the prevalence was less than 5%.  
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Table 2. Median (range) of welfare measures that differed between herds classified unacceptable, 
acceptable, and enhanced  
 Class 
Welfare measure Unacceptable 
(n = 16) 
Acceptable 
(n = 85) 
Enhanced 
(n = 78) 
Overall 
P-value 
Percentage of cows:        
- very lean  9.2a (0-20.0) 3.3b (0-23.7) 1.7b (0-28.6) 0.001 
- colliding with components of the 
stall while lying down  
37.5a (10.0-66.7) 40.0a (0-100) 19.4b (0-88.2) 0.004 
- lying outside lying area  0.7ab (0-12.8) 1.5a (0-15.4) 0.3b (0-8.6) 0.001 
- severely lame  9.3a (0-65.9) 5.3b (0-46.9) 3.5b (0-25.4) 0.020 
- lesions or swellings 40.4ab (3.3-94.7) 42.9a (0-97.6) 29.4b (3.3-95.1) 0.005 
- milk SCC > 400,000 10.8ab (5.4-20.9) 12.5a (0-26.9) 10.2b (1.1-36.3) 0.045 
- diarrhea 0ab (0-36.4) 0b (0-30.3) 2.2a (0-46.5) 0.011 
- not approached < 1 m 25.3ab (11.9-47.3) 24.4a (0-74.4) 17.8b (0-66.0) 0.049 
Sufficient no. of drinkers (n herds) noa (14) nob (44) noc (31) 0.008 
 yes (2) yes (41) yes (47)  
Happy 42ab (1-90) 40b (1-123) 59a (1-115) 0.003 
Relaxed 66ab (1-117) 51b (1-118) 69a (1-117) 0.014 
a-c Medians within a row with different superscripts differ between classes (P < 0.05) 
 
Sensitivity analyses 
For welfare measures that differed between adjacent classes, herds were assigned an improved, 
fictitious value to see whether improving this single measure enabled a herd to reach a higher WQ-ME 
classification. The improved value, which replaced the observed value, was the median value of herds 
classified in the next highest class. This median value was  
considered to be a realistic and feasible value that farmers aspire to when aiming to improve their 
classification. For categorical measures, such as sufficiency of the number of drinkers, the improved 
value was the mode of herds in the next highest class. After assigning an improved value to a herd, a 
new classification was computed. For each single measure, the effect of improvement was evaluated 
by counting the number of herds that reached a higher classification.  
 
Results 
 
Of a selected sample of 196 Dutch dairy herds, the WQ-ME model classified 16 herds as unacceptable, 
85 as acceptable, 78 as enhanced, and none as excellent. Classification could not be calculated for 17 
herds, because data of one or more welfare measures were missing (15 herds) or data was deemed 
invalid because the stockperson disturbed behavioral observations (two herds). Eight welfare 
measures, related to drinking, tethering, dehorning, and tail-docking, were excluded from the 
statistical analysis due to no variability (SD = 0) or a prevalence less than 5%. 
Median size of the 179 herds included was 67 lactating cows (ranging from 10 to 211 cows), with a 
milk production of 25.4 kg / cow per day (ranging from 10.0 to 35.2 kg). Cows were in loose housing in 
169 herds and tethered in 10 herds. In summer, cows had access to pasture for at least 6 h per day in 
132 herds. Herd size, milk production, type of housing, access to pasture, and observer did not differ 
among WQ-ME classes.  
Classification of dairy cattle welfare 63 
 
Table 3. Number of herds changing to a higher classification when welfare measures, of which the 
median value differed between adjacent welfare classes, were replaced with an improved value 
 
      Herds changed class to2 
Original class Welfare measure Original value 
(median) 
Improved 
value1 
Acceptable Enhanced Excellent 
Unacceptable  Very lean cows (%) 9.2 3.3 11 0 0 
(n=16) Sufficient no. of drinkers (n herds) no (14) no (0) 9 4 0 
  yes (2) yes (16)    
 Severely lame cows (%) 9.3 5.3 1 0 0 
Acceptable  Sufficient no. of drinkers (n herds) no (44) no (0)  9 0 
(n=85)  yes (41) yes (85)    
 Cows colliding with components of 
the stall while lying down (%) 
40.0 19.4  21 0 
 Cows lying outside lying area (%) 1,5  0,3   9 0 
 Cows with lesions or swellings (%) 42.9  29.4   1 0 
 Cows with SCC > 400,000 (%) 12.5  10.2   0 0 
 Cows not approached < 1 m (%) 24.4  17.8   7 0 
 Happy 40  59   0 0 
 Relaxed 51  69   0 0 
1 The improved score was the median score of herds in the next highest classification.  
2 The same herds can appear in different rows. 
 
Median (range) of welfare measures for herds selected from the 5% lowest and 95% highest CHS are in 
Table 1. Herds selected from the 5% lowest CHS showed more cows housed in tie-stalls, more with 
dirty hindquarters, more with SCC > 400,000, fewer with diarrhea, higher on-farm mortality, fewer 
calves disbudded, and scored lower for eight descriptors of the Qualitative Behavior Assessment 
(Rousing and Wemelsfelder, 2006; Wemelsfelder, 2007) than herds selected from the 95% highest CHS 
(P < 0.05). Herds in the two CHS groups (5% lowest versus 95% highest) did not differ in WQ-ME class, 
nor in observer. 
 
Comparison of WQ-ME Classes 
Median (range) of welfare measures for herds classified unacceptable, acceptable, and enhanced are in 
Table 2. Because no herds were classified excellent, this class could not be compared with other WQ-
ME classes. 
 
Unacceptable compared with acceptable and enhanced 
Herds classified unacceptable showed 5.9 and 7.5% more very lean cows, 4.0 and 5.8% more severely 
lame cows, and 1.7 and 2.2 times more often an insufficient number of drinkers than herds classified 
acceptable and enhanced (Table 2). In addition, herds classified unacceptable showed 18.1% more 
cows colliding with components of the stall while lying down than herds classified enhanced. No 
differences were found for the other 59 welfare measures.  
 
Acceptable compared with enhanced 
More, but generally smaller, differences in welfare measures were found between herds classified 
acceptable and enhanced than between herds classified unacceptable and other classes. Herds 
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classified acceptable showed 20.6% more cows colliding with components of the stall while lying 
down, 1.2% more lying outside the lying area, 13.5% more with lesions or swellings, 2.3% more with an 
SCC > 400,000, 2.2% fewer with diarrhea, 6.6% more that could not be approached closer than 1 m, 
showed 1.3 times more often an insufficient number of drinkers, and scored 18 and 19 points less for 
the descriptors “relaxed” and “happy” for the Qualitative Behavior Assessment than herds classified 
enhanced. Since herds classified enhanced showed more cows with diarrhea, this measure was not 
included in the sensitivity analysis. 
 
Sensitivity analysis 
Number of herds that changed to a higher classification when observed values of single welfare 
measures were replaced with an improved value are in Table 3.  
 
Herds originally classified unacceptable 
Replacing observed values of single measures with improved values resulted in a higher class for 14 of 
the 16 herds originally classified unacceptable. When the observed percentage of very lean cows was 
replaced with an improved percentage of 3.3% (i.e., the median score of herds classified acceptable), 
11 of the 16 herds originally classified unacceptable changed to acceptable. When the number of 
drinkers was changed to sufficient, 13 herds changed class from unacceptable: nine to acceptable and 
four to enhanced. When the percentage of severely lame cows was lowered to 5.3%, one herd changed 
to acceptable.  
 
Herds originally classified acceptable 
Replacing observed values of single measures with improved values resulted in an enhanced class for 
38 of the 85 herds originally classified acceptable. Most of these herds changed to enhanced when the 
percentage of cows colliding with the stall, lying outside the lying area, that could not be approached 
closer than 1 m were lowered, and when the number of drinkers was changed to sufficient. Replacing 
the percentage of cows with lesions or swellings, with milk SCC > 400,000, and descriptors for the 
Qualitative Behavior Assessment “happy” and “relaxed” with an improved value rarely resulted in an 
enhanced class.  
 
Herds originally classified enhanced 
A median value of the next highest class was not available for herds originally classified enhanced, 
because no herds were classified excellent. When we replaced values for welfare measures of herds 
originally classified enhanced by an improved value that was equal to the maximum value of all herds, 
no herds changed to excellent.  
 
Discussion 
 
The WQ-ME model classified 16 herds as unacceptable, 85 as acceptable, 78 as enhanced, and none as 
excellent. The distribution of herds among classes was not representative of the Dutch dairy sector, 
because herds in this study were selected based on CHS.  
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The CHS was useful in selecting for variation in a large number of welfare measures. Although it was 
expected that herd selection based on CHS would increase the proportion of herds in lower WQ-ME 
classes, no differences among herds with varying CHS were found in the final classification. Selection 
based on CHS apparently concerned welfare measures other than the ones that were responsible for 
classification. Associations between variables that formed the CHS and welfare measures mainly 
responsible for classification of herds (e.g. number of drinkers) are also absent in literature (De Vries et 
al., 2011).   
 
Relative importance of welfare measures for WQ-ME classification  
Most important welfare measures for classifying herds unacceptable in our study were percentage of 
very lean cows and sufficiency of drinkers. Herds classified unacceptable showed a higher percentage 
of severely lame cows than herds classified acceptable, but this measure appeared to have little 
influence on classification when a sensitivity analyses was performed. Although there is no golden 
standard for the overall level of animal welfare against which results of the WQ-ME model can be 
validated, results can be compared to expert opinion on the relative importance of welfare measures in 
other studies. In the study of Lievaart and Noordhuizen (2011), animal welfare experts ranked 
competition for feed and water as the second most important measure of dairy cattle welfare, which 
could be considered consistent with percentage of very lean cows and sufficiency of drinkers being the 
most important welfare measures for classifying herds unacceptable in our study. Number of drinkers 
is a resource-based measure, however, that is less closely linked to animal welfare than an animal-
based measure (Webster et al., 2004; Blokhuis, 2008). Water intake is associated with the number and 
size of drinkers in herds (Pinheiro Machado Filho et al., 2004; Teixeira et al., 2006), but can be 
influenced by various other factors, such as diet or climate conditions (Dahlborn et al., 1998; Meyer et 
al., 2004). The value of such a resource-based measure being responsible for the class unacceptable, 
therefore, is questionable.  
In two studies, animal welfare experts ranked lameness as the most important measure of dairy cattle 
welfare (Whay et al., 2003; Lievaart and Noordhuizen, 2011). In our study, except for one herd, high 
prevalence of (severely) lame cows did not result in herds classified unacceptable. Percentage of 
severely lame cows was up to 47% in herds classified acceptable and 25% in herds classified enhanced. 
Mastitis, which was represented by cows with SCC > 400,000 in our study, was among the most 
important measures of dairy cattle welfare in the study of Whay et al. (2003). Although the percentage 
of cows with SCC > 400,000 was up to 36% in our study, high prevalence of cows with SCC > 400,000 
did not result in herds classified unacceptable. On the contrary, a herd with 36% cows with SCC > 
400,000 was classified enhanced.  
Compared to herds classified unacceptable and acceptable, more differences were found between 
herds classified acceptable and enhanced, which was evident in welfare measures of each of the four 
principles of the WQ-ME model. This finding achieved the aim of the WQ-ME model in reflecting the 
multidimensional concept of animal welfare (Botreau et al., 2007c). Improving measures of principles 
good feeding and good housing was effective in a large number of herds originally classified 
acceptable to reach a higher class, however, whereas improving measures of good health was effective 
in almost none of these herds. This lack of effect was because little difference existed between median 
measure scores of herds classified acceptable and enhanced. This showed that, in spite of substantial 
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variation in measure scores among our study herds, relative importance of measures of good health 
for classification was low. This contradicts with results of Whay et al. (2003), in which health records 
were ranked as the second most important measure of dairy cattle welfare. It should be emphasized, 
however, that analyses in this study were limited to single welfare measures. Effects of improving 
combinations of welfare measures should be further investigated.  
None of the herds in our study was classified excellent. A similar result was found by Botreau et al. 
(2009), who classified a sample of 69 dairy herds in Austria, Germany, and Italy. The reason that no 
herds were classified excellent in our study was a lack of simultaneous excellent scores for a large 
number of welfare measures. High scores were lacking especially for welfare measures of the principles 
good health and appropriate behavior. Improvement of welfare measures in herds originally classified 
enhanced did not lead to a changed class of excellent. Apparently, improvement of more than one 
welfare measure is needed to reach excellent.  
 
Reasons for a lack of influence of lameness and SCC on WQ-ME classification 
The lack of effect of lameness on herd classification was caused mainly by compensating mechanisms 
in the first two steps of the aggregation process in the WQ-ME model: the construction of the criterion 
absence of injuries and the principle good health. A herd with 48% moderately lame cows, 29% 
severely lame cows, 57% cows with lesions and swellings, and 7% cows with hairless patches, for 
example, obtained a score of 14 for the criterion absence of injuries. In the construction of the 
principle good health, this criterion score was compensated by a score of 65 for the criterion absence 
of disease and 52 for the criterion absence of pain, leading to a principle score of 26. Given the 
reference profiles for classification, a herd is classified unacceptable only when principle scores are 
below 20. Therefore, this principle score did not lead to an unacceptable class.  
High percentages of cows with SCC > 400,000 did not result in herds classified unacceptable because 
this measure was converted to an ordinal score (no, moderate, or severe problem) to calculate a score 
for the criterion absence of disease. Because this percentage represented a severe problem whenever 
it was higher than 4.5%, the WQ-ME model did not distinguish between, for example, herds with 27% 
cows and herds with 5% cows with SCC > 400,000. Moreover, a severe problem for the percentage of 
cows with SCC > 400,000 was compensated by other welfare measures that represented no problem, 
because they were linearly combined for the criterion absence of disease. Similar to lameness and SCC, 
other welfare measures of the principle good health rarely influenced classification. This is illustrated 
by the principle good health which, despite a large variation in welfare measures, ranged from 21 to 58 
(95% range), compared with the principle good feeding which ranged from 7.5 to 100 (95% range). As 
a consequence of the lack of effect on herd classification, farmers might not be motivated to improve 
welfare measures of good health. 
In summary, there are two major reasons why severe welfare problems did not result in herds classified 
unacceptable. First, although it was emphasized in the development of the WQ-ME model that welfare 
scores should not compensate each other (Veissier et al., 2011), compensation occurred for welfare 
measures that were aggregated using linear combinations and the Choquet integral in the first two 
aggregation steps of the WQ-ME model. The extent of compensation depended on the weight given 
to welfare measures and criteria, which was derived from expert opinion (Botreau et al., 2008a). The 
role of expert opinion in the WQ-ME model requires further investigation. Grouping a large number of 
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welfare measures in a principle may have increased compensation. In contrast to the principle good 
feeding, for example, which considers four welfare measures-, the principle good health considers 20 
welfare measures simultaneously. Second, conversion of welfare measures to an ordinal score makes it 
impossible for the WQ-ME model to distinguish between herds that slightly or largely exceeded 
thresholds for severe problems. Consequently, severe welfare problems, such as SCC > 400,000 in 
more than 35% of the cows, did not cause an unacceptable classification. In addition to evaluating the 
role of expert opinion in the WQ-ME model, reconsidering the choice of algorithmic operator might 
help to ensure that herds with severe welfare problems are classified more appropriately.  
 
Conclusions  
 
The aim of this study was to demonstrate the relative importance of single welfare measures for WQ-
ME classification of a selected sample of Dutch dairy herds. A limited number of welfare measures had 
a strong influence on classification of dairy herds in this study, especially for herds classified 
unacceptable. Classification of herds based on the WQ-ME model in its current form might, on the one 
hand, lead to improving these specific measures, but, on the other hand, divert attention from 
improving other measures. The role of expert opinion and the type of algorithmic operator used to 
aggregate welfare measures in the WQ-ME model need to be reconsidered, to assign herds to the 
most appropriate of the four welfare classes.  
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Abstract  
The Welfare Quality (WQ) protocols are increasingly used for assessing welfare of farm animals. These 
protocols are time consuming (about one day per farm) and, therefore, costly. Our aim was to assess 
the scope for reduction of on-farm assessment time of the WQ protocol for dairy cattle. Seven trained 
observers quantified animal-based indicators of the WQ protocol in 181 loose housed- and 13 tied 
Dutch dairy herds (herd size from 10 to 211 cows). Four assessment methods were used: avoidance 
distance at the feeding rack (ADF, 44 minutes), qualitative behaviour assessment (QBA, 25 minutes), 
behavioural observations (BO, 150 minutes), and clinical observations (CO, 132 minutes). To simulate 
reduction of on-farm assessment time, a set of WQ indicators belonging to one assessment method 
was omitted from the protocol. Observed values of omitted indicators were replaced by predictions 
based on WQ indicators of the remaining three assessment methods, resources checklist, and 
interview, thus mimicking the performance of the full WQ protocol. Agreement between predicted and 
observed values of WQ indicators, however, was low for ADF, moderate for QBA, slight to moderate for 
BO, and poor to moderate for CO. It was concluded that replacing animal-based WQ indicators by 
predictions based on remaining WQ indicators shows little scope for reduction of on-farm assessment 
time of the Welfare Quality protocol for dairy cattle. Other ways to reduce on-farm assessment time of 
the WQ protocol for dairy cattle, such as the use of additional data or automated monitoring systems, 
should be investigated.  
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Introduction 
 
The use of animal-based indicators is gaining increased preference over resource- and management-
based indicators in farm animal welfare assessment schemes. Animal-based indicators, which measure 
the state of the animal rather than its environment, are assumed to possess a higher validity than 
resource- and management-based indicators because they are more closely linked to the actual 
welfare state of animals (Webster et al., 2004; Blokhuis et al., 2010). Duration of assessing animal-based 
indicators on-farm, however, is a main constraint with regard to feasibility (Mülleder et al., 2007; 
Knierim and Winckler, 2009; Blokhuis et al., 2010). In the Welfare Quality (WQ) protocol for dairy cattle, 
for example, 60% of the indicators are animal-based, but take about 90% of the total on-farm 
assessment time (depending on herd size, Welfare Quality, 2009).  Consequently, on-farm assessment 
time of the WQ protocol ranges from about 4.4 to 7.7 hours for herds of 25 to 200 cows (Welfare 
Quality, 2009). Assessment time and associated costs of on-farm assessments may hamper the 
practical implementation of the WQ protocol in welfare audit programs (Knierim and Winckler, 2009). 
Various studies have shown associations between indicators of dairy cattle welfare. Lame cows, for 
instance, were associated with a lower body condition and changes in lying behaviour (Bowell et al., 
2003; Ito et al., 2010; Blackie et al., 2011). Also, a higher frequency of agonistic behaviour in dairy herds 
was associated with larger avoidance distances towards cows (Waiblinger et al., 2003). Although these 
associations may not always involve causal relationships, it suggests that animal-based indicators may 
have potential to predict other animal-based indicators. Such predictions could replace on-farm 
observations, and reduce on-farm assessment time of the WQ protocol. So far, mainly resource- 
and/or management-based indicators have been considered for prediction of animal-based indicators 
(eg Mülleder et al., 2007). 
Two out of four assessment methods in the WQ protocol contain more than one animal-based 
indicator (Welfare Quality, 2009): behavioural observations (BO, six indicators), and clinical 
observations (CO, 13 indicators). When an indicator belonging to one of these assessment methods is 
replaced, cows still need to be observed to collect data for the other WQ indicators, which takes an 
equal (BO), or only slightly less (CO) amount of time. Hence, all indicators of an assessment method 
should be considered together in order to reduce assessment time. 
Our aim was to evaluate the performance of a reduced protocol, in which a set of WQ indicators 
belonging to one assessment method is replaced by predictions based on remaining animal-, 
resource- and management-based indicators, in order to assess the scope for reduction of on-farm 
assessment time of the WQ protocol for dairy cattle. 
 
Materials and methods 
 
Herd selection 
To properly assess the scope for prediction of animal-based WQ indicators, we aimed for data from 
herds that span a wide range of levels of animal welfare. Therefore, herds were selected based on a 
composite health score. From 5 000 Dutch herds participating in a health scheme of a Dutch dairy co-
operative, a composite health score between 0 (worst) and 50 (best) was determined over the period 
January 2008 to June 2009. This score consisted of five parameters that have been shown to correlate 
with different WQ indicators (De Vries et al., 2011): cow and young stock mortality, bulk tank milk 
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somatic cell count (SCC), new udder infections, and fluctuations in standardized milk production. Herds 
were attributed zero points per parameter when the parameter value was among the 10% worst, and 
10 points when it was among the 90% best values of all dairy herds in 2004.  
To ensure a minimum sample of 100 herds from the 5% lowest composite health scores and 100 herds 
from the rest of the population, 250 herds were randomly selected from each of these respective 
categories. Of the selected herds, 163 farmers responded positively, 75 negatively and 262 failed to 
respond. Due to the insufficient positive response rate, non-responders were further contacted by 
telephone. Finally, 196 farmers agreed to participate: 90 from the 5% lowest composite health scores, 
and 106 from the rest of the population. Composite health scores of the participating herds (median = 
40, 95% range = 27.5 to 50) were similar to the original selection of 500 herds (median = 35, 95% 
range = 27.5 to 50). 
 
Farm visits 
Seven observers, all with previous experience in dairy production and handling, were trained to use the 
Welfare Quality assessment protocol for dairy cattle (Welfare Quality, 2009) in a three-day course 
given by delegates of the Welfare Quality consortium. Observers visited 14 to 48 herds during the 
winter months of November 2009 through to March 2010 when the cows had been denied access to 
pasture for at least 2 weeks. During a farm visit, observers collected data for 17 resource- and 
management-based (Table 1) and 24 animal-based (Tables 1 and 2a, b) WQ indicators in six 
assessment methods. Assessment methods, which were executed in a fixed order, are described briefly 
(details can be found in Welfare Quality (2009)) below. 
For avoidance distance at the feeding rack (ADF), which was measured on a pre-defined sample of 
lactating and dry cows (Welfare Quality, 2009), individual cows were approached from a distance of 2 
m on the feed bunk. The avoidance distance was estimated at the moment the cow moved back, 
turned, or pulled back the head, and was categorized in one of four categories: > 100 cm, 100 to > 50 
cm, 50 to > 0 cm, or touched. For the Qualitative Behaviour Assessment (QBA), cows were observed in 
segments of the barn for 20 minutes, regardless of the number of cows in the herd or in a segment. 
After this observation, 20 descriptors were scored on a visual analogue scale between 0 (expressive 
quality of the descriptor was entirely absent in any of the animals) and 125 mm (dominant across all 
observed animals). For BO, lying behaviour, agonistic behaviour, and coughing was recorded in 
segments (with a maximum of approximately 25 lactating cows) using continuous behaviour sampling 
(Martin and Bateson, 1993). For CO, 13 health indicators (Table 2) were assessed for a pre-defined 
sample of lactating and dry cows. Body condition was scored on a five-point scale, and grouped into 
classes “very lean” (score 1) and “not very lean” (score ? 2). Locomotion was scored on a five-point 
scale, and grouped into classes “not lame” (scores 1 and 2), “lame” (score 3) and “severely lame” 
(scores 4 and 5). Assessment details of other indicators of CO can be found in the WQ protocol (2009). 
Besides this, four resource-based, 13 management-based, and three animal-based indicators (Table 1) 
were collected using a resources checklist and an interview. Identical indicators were used for cattle in 
loose housing and tie stalls, except for lameness. Cows in tie stalls were categorized into two lameness 
classes (not lame or lame), instead of three (not lame, lame or severely lame). 
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Table 1. Descriptive statistics of Welfare Quality indicators collected using a resources checklist or interview 
 
Assessment method Resource- and management-based indicators (categorical) Category (n herds) 
  
Resources  Type of housing loose (181), tied (13) 
checklist Sufficient number of drinkers yes (97), partly (64), no (33) 
 Clean drinkers1 yes (192), no (2) 
 At least 2 drinkers per cow yes (177), no (17) 
Interview Access to pasture (with at least 6 h per day) yes (145), no (49) 
 Releasing cows from tie stalls for at least 1 hour per day in winter1 yes (0), no (13) 
 Dehorning young stock (in at least 15% of animals) yes (181), no (13) 
 - Method of dehorning1 chemical (1), thermal (180) 
 - Use of analgesics1 yes (3), no (178) 
 - Use of anaesthetics1 yes (173), no (8) 
 Dehorning adult cattle (in at least 15% of animals)1 yes (0), no (194) 
 - Use of analgesics1 N.A.2 
 - Use of anaesthetics1 N.A.2 
 Tail-docking (in at least 15% of animals)1 yes (0), no (194) 
 - Method of tail-docking1 N.A.2 
 - Use of analgesics1 N.A.2 
 - Use of anaesthetics1 
 
N.A.2 
 Animal-based indicators (continuous) Median (range) 
Interview % on-farm mortality 0.6 (0, 3.1) 
 % cows with SCC > 400 000 11.0 (0, 36.3) 
 % dystocia 5.0 (0, 50) 
1 Indicator excluded from predictions due to observed prevalence < 5% 
2 N.A. = not applicable 
 
Time needed per assessment method and total assessment time per herd were not recorded during 
the farm visits, but were estimated based on the information given in the WQ protocol (Welfare 
Quality, 2009). For this study, on-farm assessment time was estimated for an average Dutch dairy herd 
(78 lactating cows, LEI, 2008). Total estimated assessment time, therefore, was 381 minutes: 44 for ADF 
(1 minute per animal), 25 for QBA, 150 for BO, 132 for CO (3 minutes per animal), 15 for the resources 
checklist, and 15 for the interview. 
 
Data processing 
Data collected from the herds were expressed as “WQ indicators” at the herd level, using weights for 
the aggregation of ADF categories and QBA descriptors, and threshold values for the conversion into 
ordinal indicators as described in the WQ protocol (2009). The percentage of cows in each ADF 
category was weighted and aggregated into an “ADF index” ranging from 0 (worst) to 100 (best). For 
QBA, the 20 descriptors were weighted and aggregated into a “QBA index” ranging from -10 (worst) to 
7 (best). Data related to lying behaviour, cleanliness, and disease were converted to an ordinal scale 
representing a minor-, moderate-, or severe problem (Table 3). 
WQ indicators were not included in the statistical analyses when the standard deviation was zero or 
the prevalence was less than 5%. Because ignorance of missing values can lead to reduced power 
(Donders et al., 2006; Dohoo et al., 2009), multiple imputation (MI) was used to replace missing values. 
MI is a technique in which a missing value is replaced by a value that was drawn from an estimate of 
the distribution of this variable (Donders et al., 2006). 
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Table 2a. Observed and predicted prevalence and agreement (Cohen’s kappa, positive (PR) and 
negative rate (NR) with 95% confidence intervals (CI)) between observed and predicted values of 
categorical animal-based indicators assessed in behavioural observations, and clinical observations  
 
Indicator Problems (n herds) Agreement2 
  Observed  Predicted1 ? PR NR 
 Minor Moderate Severe Minor Moderate Severe  (95% CI) (95% CI) 
     
Behavioral observations          
Mean time to lie down (s) 41 75 78 10 92 88 0.14 97% (92-99) 12% (4-26) 
% cows colliding with stall 
components 
81 23 90 90 0 102 0.44 72% (62-80) 73% (62-83) 
% cows lying outside lying 
area 
152 17 25 183 0 10 0.19 15% (6-29) 97% (93-99) 
Frequency coughing per 
cow/15 minutes3 
194 0 0 - - - - - - 
          
Clinical observations          
% cows with:          
- dirty hind legs 15 28 151 0 0 194 0.00 100% (98-100) 0% (0-22) 
- dirty udder 80 45 69 132 0 60 0.25 41% (32-51) 83% (72-90) 
- dirty hindquarters 28 24 142 1 0 193 0.07 100% (98-100) 4% (0-18) 
- ocular discharge 170 16 8 194 0 0 0.00 0% (0-7) 100% (97-100) 
- nasal discharge 145 27 22 193 0 0 0.00 0% (0-14) 100% (98-100) 
- diarrhoea 126 20 48 191 0 2 -0.03 0% (0-5) 98% (94-100) 
- vulvar discharge 149 31 14 192 0 2 0.03 2% (0-12) 99% (96-100) 
- hampered respiration3 190 4 0 - - - - - - 
          
1 Some herds excluded because highest predicted odds were equal for two or more categories 
2 Results based on two classes: “minor problem” and “moderate or severe problem” 
3 Indicator excluded from predictions due to observed prevalence < 5% 
 
Statistical analysis 
Spearman rank correlations between animal-based WQ indicators were calculated. They were 
preferred over Pearson correlations, because a number of variables could not be assumed to be 
(approximately) normally distributed. Subsequently, individual animal-based WQ indicators of each of 
the four assessment methods were predicted, using WQ indicators of the remaining three assessment 
methods, resources checklist, and interview as potential predictors. For example, to predict an indicator 
of BO (the “outcome indicator”), indicators of ADF, QBA, CO, resources checklist, and interview were 
used as potential predictors. In a first univariate screening, each predictor variable was selected in turn 
to judge its potential for prediction. A multinomial distribution with a logit link function was used 
when the outcome indicator involved categorical data, a binomial distribution with a logit link function 
for binary data, and a Poisson distribution with a log link function and a multiplicative overdispersion 
parameter for count data (all models were generalized linear models (McCullagh and Nelder, 1989)). 
Subsequently, the outcome indicator was predicted using multiple predictors that were selected (P-
value of Wald test < 0.20) in the first screening. The final prediction model was selected based on the 
lowest value for Akaike’s Information Criterion (AIC). For categorical indicators, herds were assigned to 
the category with the highest predicted odds.  
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Table 2b. Difference (y-?) and Spearman rank correlation (rs) between observed (y) and predicted (?) 
values of continuous animal-based indicators assessed in the avoidance distance at the feeding rack 
(ADF), Qualitative Behaviour Assessment (QBA), behavioural observations (BO), and clinical 
observations (CO) 
 
  y ? y-?  
Method Indicator median (95% range) median (95% range) median (95% range) rs
   
ADF ADF index 68.0 (25.6, 92.3) 67.9 (54.7, 76.2) 2.2 (-33.9, 24.2) 0.31
QBA QBA index -1.0 (-8.8, 4.6) -1.2 (-3.8, 2.8) 0.4 (-6.1, 4.1) 0.54
BO Frequency of head butts  
per cow/h 
0.7 (0.1, 2.8) 0.8 (0.4, 1.4) -0.1 (-0.8, 1.6) 0.38
 Frequency of displacements  
per cow/h 
0.3 (0, 1.5) 0.4 (0.0, 0.8) -0.0 (-0.5, 0.8) 0.46
CO % very lean cows 2.4 (0, 20.0) 3.8 (0.9, 12.0) -1.2 (-7.6, 15.5) 0.43
 % moderately lame cows 24.1 (3.6, 51.4) 24.1 (14.6, 36.3) -0.43 (-21.6, 24.0) 0.39
 % severely lame cows1 6.0 (0, 28.9) 6.9 (1.8, 24.1) -1.8 (-11.9, 17.0) 0.50
 % cows with hairless patches 33.3 (3.3, 61.5) 32.8 (21.8, 42.3) -0.1 (-26.2, 29.9) 0.33
 % cows with lesions or swellings 35.3 (4.6, 94.7) 39.4 (24.3, 72.6) -4.4 (-30.7, 43.4) 0.49
1 Prediction concerns only loose housing systems because severe lameness was not assessed in tie stalls 
 
The level of agreement between observed and predicted values of continuous WQ indicators was 
shown by their absolute difference and Spearman rank correlation (rs). The latter correlation was 
interpreted by an informal classification system as suggested by Martin and Bateson (1993) for a 
Pearson correlation: slight (rs ? 0.2), low (rs > 0.2 to 0.4), moderate (rs > 0.4 to 0.7), high (rs > 0.7 to 0.9), 
and very high (rs > 0.9 to 1.0). For categorical WQ indicators, agreement between observed and 
predicted values was assessed by Cohen’s kappa coefficient (?, Cohen, 1960). This coefficient was 
interpreted by an informal classification system as described by Landis and Koch (1977): poor (? ? 0), 
slight (? > 0 to 0.2), low (? > 0.2 to 0.4), moderate (? > 0.4 to 0.6), high (? > 0.6 to 0.8), and very high (? 
> 0.8 to 1.0). In addition, positive (PR) and negative (NR) rates (which are similar to sensitivity and 
specificity of a diagnostic test) were calculated. To that end, observed and predicted values were 
grouped into classes “minor problem” and “moderate or severe problem”. The PR is defined as the 
probability for “moderate or severe problem” being predicted, given a “moderate or severe problem” 
being observed. The NR is similarly defined for the “minor problem” class. All calculations were 
performed with GenStat (GenStat for Windows, 2011). 
 
Results 
 
The WQ protocol was executed in 196 dairy herds. Data from two herds were excluded because the 
protocol could not be executed correctly in these herds. In the remaining 194 herds, with herd size 
ranging between 10 and 211 lactating cows, cows were loose housed on 181 farms, and tied on 13 
farms. On 145 farms, cows had access to pasture in summer. 
Twelve resource- and management-based (Table 1) and two animal-based WQ indicators (Table 2a) 
showed a prevalence of less than 5% and were therefore excluded from the statistical analyses. Missing 
values were replaced using MI in eight indicators: the number of days with access to pasture (missing 
in three herds), percentage of cows with lesions and swellings (one herd), with hairless patches (one 
herd), with SCC > 400 000 (seven herds), with dystocia (one herd), and ADF (could not be executed in 
six herds).  
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Table 3. Threshold values for categorical indicators representing a minor, moderate, or severe problem 
(adapted from Welfare Quality, 2009) 
 
Indicator Minor problem Moderate problem Severe problem 
    
Mean time to lie down (s) ? 5.2 > 5.2 and ? 6.3 > 6.3 
% cows colliding with components of the stall ? 20 > 20 and ? 30 > 30 
% cows lying outside lying area ? 3 > 3 and ? 5 > 5 
% cows with dirty hind legs ? 20 > 20 and ? 50 > 50 
% cows with dirty udder ? 10 > 10 and ? 19 > 19 
% cows with dirty hindquarters ? 10 > 10 and ? 19 > 19 
% cows with ocular discharge ? 3 > 3 and ? 6 > 6 
% cows with nasal discharge ? 5 > 5 and ? 10 > 10 
% cows with diarrhoea ? 3.25 > 3.25 and ? 6.5 > 6.5 
% cows with vulvar discharge ? 2.25 > 2.25 and ? 4.5 > 4.5 
Percentage of cows with hampered respiration ? 3.25 > 3.25 and ? 6.5 > 6.5 
Average frequency of coughing per 100 cows and 
15 minutes 
? 3 > 3 and ? 6 > 6 
 
Correlations between animal-based indicators 
Correlations between animal-based WQ indicators ranged from -0.51 (percentage of cows with hairless 
patches versus lesions) to 0.75 (percentage of cows with dirty udder versus dirty hindquarter). When 
animal-based WQ indicators belonging to different assessment methods were compared, correlations 
ranged from -0.26 (frequency of displacements versus QBA index) to 0.35 (percentage of very lean 
cows versus percentage of cows colliding with components of the stall while lying down, Figure 1). 
 
Predicting ADF 
The correlation between observed and predicted values for the ADF index was 0.31, which was 
interpreted as a low agreement. The difference between the observed and predicted values for the 
index ranged between -33.9 and 24.2 (95% range, Table 2b), which is comparable to an over- and 
underestimation of 33.9 and 24.2%, respectively, of cows that could not be approached closer than 100 
cm. The final prediction model for the ADF index comprised percentage of cows with dirty hind legs, 
lame, lying outside the supposed lying area, and QBA index as predictors (see Appendix). 
 
Predicting QBA 
Prediction of the QBA index resulted in a correlation of 0.54 between observed and predicted values. 
This was interpreted as a moderate agreement. The difference between the observed and predicted 
values ranged from -7.0 to 6.5 (95% range, Table 2b). The difference at the index level is hard to 
interpret at the level of descriptors due to the large number of terms in the QBA index. The final 
prediction model comprised percentage of cows with vulvar discharge, SCC > 400 000, lying outside 
the lying area, lame, severely lame, frequency of displacements, sufficient number of drinkers, ADF 
index, and herd size as predictors (Appendix). 
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Figure 1. Spearman rank correlation coefficients per animal-based indicator when compared with 
indicators belonging to different assessment methods (avoidance distance at the feeding rack (ADF), 
Qualitative Behaviour Assessment (QBA), behavioural observations, or clinical observations). 
 
Predicting BO 
The correlation between observed and predicted values was 0.38 for frequency of head butts and 0.46 
for displacements, which was interpreted as a low and a moderate correlation. The difference between 
the observed and predicted values ranged from -0.8 to 1.6 head butts and -0.5 to 0.8 displacements 
per cow per hour (95% range, Table 2b). The final prediction model for frequency of head butts 
comprised percentage of cows with dirty hind legs, dirty hindquarters, diarrhoea, hairless patches, 
mortality, and lameness as predictors. For frequency of displacements, the final prediction model 
comprised percentage of cows that was very lean, dirty hind legs, nasal discharge, vulvar discharge, 
type of housing, and QBA index as predictors (Appendix). 
For the indicators of lying behaviour, ? ranged from 0.14 (mean time to lie down) to 0.44 (percentage 
of cows colliding with components of the stall, Table 2a). This was interpreted as a low to moderate 
agreement. NR was 12% for the mean time to lie down (Table 2a), which indicates that the probability 
for predicting a minor problem for this indicator, given a minor problem being observed, was low. PR 
was 15% for the percentage of cows lying outside the lying area, which indicates that the probability 
for predicting a moderate or severe problem, given a moderate or severe problem being observed, 
was low. The final prediction models for the indicators of lying behaviour comprised indicators relating 
to type of housing, lesions, lameness, body condition, diarrhoea, ocular discharge, cleanliness, and 
QBA index as predictors (Appendix). 
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Predicting CO 
For the continuous indicators of CO, correlation between observed and predicted values ranged from 
0.33 (percentage of cows with hairless patches) to 0.50 (percentage of severely lame cows, Table 2b). 
This was interpreted as a low to moderate agreement. The largest difference (based on a 95% range) 
between observed and predicted values ranged from 15.5% for the percentage of very lean cows to 
43.4% for the percentage of cows with lesions or swellings. 
For the categorical indicators, ? ranged from -0.03 (percentage of cows with diarrhoea) to 0.07 
(percentage of cows with dirty hindquarter), except for the percentage of cows with dirty udder, which 
showed a ? of 0.25 (Table 2a). This was interpreted as a poor to low agreement. NR was 0 and 4% for 
dirty hind legs and hindquarters, respectively, whereas PR ranged from 0 to 2% for the percentage of 
cows with diarrhoea, ocular-, nasal-, and vulvar discharge (Table 2a). None of the herds were assigned 
to a “moderate problem”, although a substantial number of herds were observed in this category. 
The final prediction model for the percentage of very lean cows comprised herd size, the percentage 
of cows colliding with components of the stall while lying down, dehorning, and frequency of 
displacements as predictors (Appendix). For the percentage of lame and severely lame cows, final 
prediction models were rather similar, comprising indicators relating to drinkers, mean time to lie 
down, frequency of head butts, ADF index, and QBA index as predictors. In addition, the model for the 
percentage of severely lame cows included herd size, access to pasture, frequency of coughing, the 
percentage of cows with SCC > 400 000, and mortality as predictors. Final prediction models for the 
percentage of cows with hairless patches and with lesions or swellings comprised indicators relating to 
drinkers, lying behaviour, agonistic behaviour, mortality, access to pasture, ADF index, and QBA index 
as predictors. With regard to indicators relating to cleanliness, final prediction models comprised 
indicators relating to lying behaviour, SCC, agonistic behaviour, type of housing, access to pasture, and 
ADF index as predictors. For indicators relating to disease (diarrhoea, ocular, nasal and vulvar 
discharge), final prediction models comprised indicators relating to drinkers, lying behaviour, agonistic 
behaviour, access to pasture, and coughing as predictors. 
 
Discussion 
 
Our aim was to assess the scope for reduction of on-farm assessment time of the WQ protocol for 
dairy cattle. To this end, performance was evaluated of a reduced protocol, in which a set of WQ 
indicators belonging to one assessment method was omitted and replaced by predictions based on 
remaining animal-, resource- and management-based indicators. Omitting indicators belonging to BO 
and CO from the protocol were estimated to result in the highest time gain: 150 and 132 minutes. 
Omitting indicators of ADF and QBA were estimated to result in 44 and 25 minutes time gain. 
Herds in this study were selected on the basis of a composite health score to achieve more variation in 
the level of animal welfare. At the same time, this may have resulted in a better agreement between 
observed and predicted values. Consequently, a lower level of agreement might be found when herds 
are selected randomly. To avoid reduced power due to missing values (Donders et al., 2006; Dohoo et 
al., 2009), multiple imputation was used to replace missing values. The percentage of missing values in 
our study was less than 1%. This technique has shown to be an appropriate method to deal with much 
larger proportions of missing values (Schafer and Olsen, 1998). Therefore, the use of multiple 
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imputation is not expected to have affected the results of this study to the extent of practical 
relevance. 
More than one-third of the 41 indicators in the WQ protocol showed a prevalence of less than 5%. 
Because the majority of these indicators were resource- or management-based, exclusion of these 
indicators from the WQ protocol would result in approximately 15 minutes time gain only. With the 
exception of five indicators that were related to issues regulated by the Dutch law (tail-docking and 
use of anaesthetics for dehorning young stock), exclusion of these indicators is not recommended 
because prevalence may change over time and space, and herds that participated in this study may 
not be indicative for future populations. 
Agreement between observed and predicted values was poor to moderate. The fact that WQ 
indicators provided little predictive value for other WQ indicators may reflect the aim of the Welfare 
Quality project to select a minimum set of welfare criteria (Botreau et al., 2007). On the other hand, 
factors inherent to the quality of the WQ monitoring system may have influenced predictive value. For 
example, the level of agreement between predicted and observed values is likely to be negatively 
affected by low inter-observer reliability (IOR) of indicators. This effect can be illustrated as follows: 
when indicator ‘A’ has a high IOR (ie little variation among different observers) and indicator ‘B’ has a 
low IOR (ie large variation among different observers), a low association between indicators ‘A’ and ‘B’ 
can be expected. Hence, a low IOR of ‘B’ negatively affects the prediction of ‘A’ by ‘B’. A high IOR, for 
example, has been shown for the lameness scoring method used in our study (Winckler and Willen, 
2001), whereas IOR was found to be low for QBA (Kendall’s W between 0.14 and 0.62, Bokkers et al., 
2012). If two observers, assessing lameness and QBA on the same farms, find similar percentages of 
severely lame cows but different scores for the QBA index, prediction of lameness by QBA (and vice 
versa) will be negatively affected. Obviously, the level of agreement deteriorates even more if IOR of 
both outcome and predictor are low. 
Another possible reason for poor agreement between observed and predicted values, was that the 
observed classification was rather skewed for categorical indicators. Half of the indicators of BO and 
CO were categorical, whereas QBA and ADF contained no categorical indicators. For six of the twelve 
categorical indicators, more than two-thirds of the herds were in the “minor problem” category. For 
two other indicators, more than two-thirds of the herds were in the “severe problem” category. 
Prediction models assigned nearly all herds to the most frequent category. Consequently, herds with 
problems were overlooked (poor PR), or herds with proper welfare were incorrectly assumed to have a 
problem (poor NR). 
Six indicators showed a moderate agreement between observed and predicted values; percentage of 
cows colliding with stall components, very lean, severely lame, with lesions or swellings, QBA index, 
and frequency of displacements. However, only omission of the QBA index from the WQ protocol 
would imply a reduction of on-farm assessment time, because, contrary to the other indicators, the 
assessment method (QBA) contains only one indicator. Despite its low IOR (Bokkers et al., 2012), the 
QBA index showed the highest agreement (rs = 0.54) between observed and predicted values. The QBA 
index was predicted by frequency of displacements, amongst others, for which a correlation was also 
found in another study (Rousing and Wemelsfelder, 2006). The ADF index was another important 
predictor for the QBA index. However, since ADF was assessed before QBA during the farm visit the 
QBA scoring might have been influenced by the observations on the cows during the ADF. 
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The “moderate” agreement between observed and predicted values for six indicators in the WQ 
protocol suggests that these observations and predictions were not completely unrelated. However, it 
also means that less than 30% of the observed variance was explained by the prediction models. This 
lack of predictive value was also illustrated by the large absolute differences between observed and 
predicted values. Therefore, it is not recommended to use these predictions as a replacement for 
omitted indicators in the WQ protocol. 
In order to enhance the use of the WQ protocol in welfare audit programs, other ways to reduce on-
farm assessment time should be investigated. For example, few herd health records and resource- and 
management-based variables were used to predict WQ indicators in this study, whereas such variables 
have shown to correlate with a large number of WQ indicators (eg Mülleder et al., 2007; Sandgren et 
al., 2009). Compared to animal-based WQ indicators, collecting herd health records and data for 
resource- and management-based variables is less time-consuming and costly. Prediction of WQ 
indicators based on a larger share of herd health records and resource- and management-based 
variables, therefore, should be further investigated. Because in many countries herd health records are 
available in national databases, these could even be used for a first estimate of the level of animal 
welfare before an on-farm assessment is performed (Sandgren et al., 2009; De Vries et al., 2011). 
Besides the use of additional data, automated monitoring systems show the potential to reduce on-
farm assessment time of the WQ protocol. Mainly for the assessment methods BO and CO, animal 
activity sensors or video recordings could replace direct visual observations for monitoring of, for 
example, lying behaviour or lameness (e.g.  Flower et al., 2005; Bewley et al., 2010; Pluk et al., 2012). 
 
Conclusion 
 
Replacing a set of animal-based WQ indicators belonging to one assessment method with predictions 
based on remaining WQ indicators showed little scope for reduction of on-farm assessment time of 
the WQ protocol for dairy cattle. Therefore, except for indicators regulated by law, it is not 
recommended to omit indicators of the WQ protocol for dairy cattle. Other ways to reduce on-farm 
assessment time of the WQ protocol, such as the use of additional data or automated monitoring 
systems, should be investigated. 
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Appendix. Probabilities1 of predictors2 used in the final models for prediction of animal-based Welfare 
Quality® indicators  
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Predictor 
                    
Herd size  ****          **    ***  ***   
ADF index  ****       ***        **** ****  ***
QBA index  ****   ****    ***         **** ****  ** 
Head butts(/cow/h)           ***   **** ****  ** ** **  
Displacements(/cow/h)  ***           ****   **     
Coughing (/cow/15min)             ***     ***    
Time to lie down (s)          **       *** ****   
% of cows:                     
- colliding with stall            ***  * **** ****    ***
- lying outside lying area ***  ***             ***    **** ****
- dirty hind legs ***  **** * ***                
- dirty udder        *** *             
- dirty hindquarters   ***                  
- ocular discharge      ***  ****              
- nasal discharge    ***                 
- diarrhoea   ****    **              
- vulvar discharge  **  ***                 
- hampered respiration                     
- very lean     **** ***  ****              
- lame  **** *** ***  **                
- severely lame   ****                   
- hairless patches    ****                  
- lesions/swellings       *** ****             
- SCC > 400 000  **        *** ***       *   
- dystocia                     
- died on-farm   ***               ***  ** 
Type of housing (loose/tied)    ****   ****  ***            
Sufficient drinkers (y/n)  ***           *  ****  ** **** ***  
?2 drinkers/cow (y/n)                  ***   * 
Access to pasture (y/n)         **    ***     **** ** ****
Dehorning young stock (y/n)                 ***     
1 P-value of F-test. Significance of association indicated by * (0.10 < P < 0.25), **  (0.05 < P < 0.10, *** (0.01 < P < 0.05), **** (P < 
0.01) 
2 Indicators were not used as potential predictors when they belonged to the same assessment method as the outcome variable 
(indicated in grey)  
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Abstract  
Knowledge of potential synergies and trade-offs of housing and management factors for different 
aspects of animal welfare is essential for farmers who aim to improve the level of welfare in their herd. 
Our aim was to identify and compare housing and management factors associated with the prevalence 
of lameness, lesions or swellings, dirty hindquarters, and the average frequency of displacements in 
dairy herds in free-stall housing. Seven trained observers collected data regarding housing and 
management characteristics of 179 Dutch dairy herds (herd size: 22 to 211 cows) in free-stall housing 
during winter. Lame cows, cows with lesions or swellings, and cows with dirty hindquarters were 
counted for a sample of cows and occurrence of displacements was recorded in the whole barn during 
120 min of observation. For each of the four welfare indicators, housing and management factors 
associated with the welfare indicator were selected in a succession of simple and multiple logistic or 
log linear regression analyses. Prevalence of lameness was associated with the surface of the lying 
area, summer pasturing, herd biosecurity status, and far-off and close-up dry cow groups (P < 0.05). 
Prevalence of lesions or swellings was associated with the surface of the lying area, summer pasturing, 
light intensity in the barn, and number of days in milk when the maximum amount of concentrates is 
fed (P < 0.05). Prevalence of dirty hindquarters was associated with the surface of the lying area, the 
proportion of stalls with fecal contamination, head lunge impediments in stalls, and the number of 
roughage types (P < 0.05). Average frequency of  displacements was associated with the time of 
introducing heifers in the lactating group, the use of cow brushes, continuous availability of roughage, 
floor scraping frequency, herd size, and the proportion cows to stalls (P < 0.05). Both the prevalence of 
lameness and lesions or swellings were lower in herds that had soft mats or mattresses (odd ratio (OR) 
= 0.66 and 0.58, confidence interval (CI) = 0.48-0.91 and 0.39-0.85) or deep bedding (OR = 0.48 and 
0.48, CI = 0.32-0.71 and 0.30-0.77) in stalls, compared with concrete, and in herds with summer 
pasturing (OR = 0.68 and 0.41, CI = 0.51-0.90 and 0.27-0.61), compared with zero-grazing. Deep 
bedding in stalls was negatively associated with the prevalence of dirty hindquarters (OR = 0.54, CI = 
0.32-0.92), compared with hard mats. It was concluded that some aspects of housing and management 
are common protective factors for prevalence of lameness, lesions or swellings, and dirty hindquarters, 
but not for frequency of displacements. 
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Introduction 
 
Animal welfare varies considerably among dairy herds. Prevalence of lameness and hock injuries, for 
example, have been reported to range from 0% up to 100% (Fourichon et al., 2001; Von Keyserlingk et 
al., 2012; Brenninkmeyer et al., in press). At the same time, a considerable variation is found in housing 
and management factors that are thought to affect dairy cattle welfare (Von Keyserlingk et al., 2012). 
This suggests that there is room for improvement of dairy cattle welfare.  
An aspect complicating the improvement of the overall welfare level on farms is that animal welfare is 
a multidimensional concept (Fraser, 1995). This multidimensionality is illustrated by the fact that animal 
welfare comprises not only physical (i.e. health and vigor), but also psychological aspects (i.e. sense 
and feeling; Webster, 2005). As a consequence, animal welfare assessment requires the use of multiple 
indicators. The Welfare Quality protocol for cattle, for example, includes indicators relating to the 
aspects feeding, housing, health, and behavior (Welfare Quality, 2009). Indicators that relate to similar 
aspects of animal welfare have been associated with similar housing and management factors. This 
may be partly due to the existence of biological relations between these indicators. Lameness and skin 
lesions, for example, are indicators relating to health, and both have been associated with surface of 
the lying area in free-stalls and pasturing (e.g. Haskell et al., 2006; Chapinal et al., 2013; Brenninkmeyer 
et al., in press). For indicators relating to different aspects of animal welfare, however, it is largely 
unknown whether they are influenced by similar-, or by different housing and management factors, 
and whether a change in a factor has an opposing (trade-off) or synergic effect on these indicators. 
Positioning the neck rail of the free-stall further from the rear curb, for example, has been associated 
with decreased cow cleanliness due to defecation in the stall (trade-off), but was a protective factor for 
lameness and hair loss at the hocks (synergy; e.g. Bernardi et al., 2009; Dippel et al., 2009; Fregonesi et 
al., 2009; Potterton et al., 2011).  
Knowing potential synergies and trade-offs of housing and management factors for different aspects 
of animal welfare is essential for farmers who aim to improve the overall welfare level of their herd. 
However, housing and management factors associated with dairy cattle welfare can differ across 
regions, due to, for example, geographical difference in housing design and popular opinions of best 
practices in the area (Chapinal et al., 2013). Therefore, identification and comparison of factors 
associated with dairy cattle welfare is preferably done in the same population. Only few studies have 
investigated associations between housing and management factors and indicators relating to 
different aspects of dairy cattle welfare simultaneously (e.g. Burow et al., 2012; Husfeldt and Endres, 
2012). In the current study, we consider four indicators included in the Welfare Quality protocol for 
dairy cattle (2009) relating to three aspects of animal welfare: prevalence of lameness, lesions or 
swellings (related to health), dirty hindquarters (housing), and average frequency of displacements 
(behavior). These indicators were selected because of availability of explanatory housing and 
management data, and expected similarity (e.g. lameness, lesions or swellings) or difference (e.g. 
lameness and displacements) of explanatory housing and management factors. Our aim was to identify 
and compare housing and management factors associated with the prevalence of lameness, lesions or 
swellings, and dirty hindquarters, and the average frequency of displacements in dairy herds in free-
stall housing. 
  
86 Chapter 6 
 
Materials and methods 
 
Herd selection  
To identify factors associated with dairy cattle welfare, we aimed for data from herds that span a wide 
range of levels of animal welfare. We used several national databases containing routine herd data 
relating to demography, milk production, and milk composition (details of these databases can be 
found in De Vries et al. (Chapter 3 of this thesis)) to calculate a composite health score (CHS) between 
0 (worst) and 50 (best) for approximately 5,000 herds participating in a health program of a Dutch 
dairy cooperative. This CHS, for which data was used from January 2008 through June 2009, consisted 
of five variables of routine herd data shown to be associated with animal welfare (De Vries et al., 2011): 
cow and young stock mortality, bulk tank milk somatic cell count, new udder infections, and 
fluctuations in standardized milk production. A herd was assigned zero points per variable when it was 
among the 10% worst values, and 10 points when it was among the 90% best values of all herds in the 
databases in 2004. Subsequently, 500 herds were approached to participate in the study: 250 herds 
were randomly selected from the 5% lowest CHS (i.e. CHS ? 40) and 250 herds from the 95% highest 
CHS (i.e. CHS > 40). From these 500 herds, 163 farmers responded positively, 75 negatively and 262 
failed to respond. Non-responders were contacted by phone. In total, 196 farmers agreed to 
participate: 90 from the 5% lowest CHS, and 106 from the 95% highest CHS.  
Of the selected herds, 13 herds were housed in tie-stalls and two in straw yards. Because the number 
of herds for these two housing systems was too small for statistical analyses of risk factors, herds in 
tie-stalls and straw yards were excluded from the analyses. Data of two herds in free-stall housing were 
also excluded, because the WQ protocol could not be executed correctly in these herds. In the 
remaining 179 herds, herd size ranged from 22 to 211 cows and average milk production from 13.5 to 
34.5 kg per cow/d.  
 
Data collection and processing 
Seven observers, each with previous experience in dairy production and handling, were trained to use 
the Welfare Quality assessment protocol for dairy cattle (Welfare Quality, 2009). Herds were randomly 
distributed among these observers, who were not informed about the herds’ CHS. Each observer 
visited 14 to 48 herds once from November 2009 through March 2010 (winter), when cows had been 
denied access to pasture for at least 2 weeks. Observers collected data for lameness, lesions and 
swellings, dirty hindquarter, displacements, and housing- and management factors (Table 1). Data 
collection methods are described briefly below (details can be found in Welfare Quality (2009)).  
 
Lameness  
Lameness was assessed for a predefined number of lactating and dry cows (sample size depended on 
herd size, see Welfare Quality, 2009), walking in a straight line and on a hard, level surface, using a 5 
points scoring system described by Winckler and Willen (2001). Cows were grouped into classes ‘not 
lame’ (scores 1 and 2), and ‘lame’ (score 3, 4 and 5). Data were expressed at the herd level, as 
percentages of assessed cows that were lame.  
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Table 1. Herd-level factors considered in univariable analyses 
 
Factor Level 
General herd characteristics     
Herd size (n lactating cows) < 61 61 - 79 > 79  
Breed (in at least 10% of the cows) Holstein-Fr. Other    
Housing     
Air inlet side walls Yes No   
Air inlet roof top Yes No   
Light intensity1  Light Dark   
Cow brushes No brushes Fixed Rotating  
Average width of alleys (cm) < 222 222 - 250 > 250  
Average width of passages (cm) < 185 185 - 223 > 223  
Alleys with dead ends No Yes   
Type of flooring system Slatted Solid   
Slippery floor2  No  Yes   
Floor scraping frequency (times/day) < 3 3 - 5 > 5  
Rims or pit in the floor No Yes   
Stalls     
Proportion cows to stalls < 0.91 0.91 - 1.04 > 1.04  
Predominant surface of lying area Concrete  Hard mat Soft mat/mattress Deep bedding 
Stall divisions Cantilever  Mushroom Other  
Average stall width (cm) < 110.2 110.2 – 111.5 > 111.5  
Average stall length (cm) < 220.5 220.5 – 228.7 > 228.7  
Average height of stall neck rail (cm) < 109.2 109.2 - 114.5 > 114.5  
Head lunge impediments  All stalls  Some stalls No stalls  
Bedding height (cm) < 0.56 0.56 - 1.75 > 1.75  
Stalls with fecal contamination3 (%)  < 50 ? 50   
Cleaning frequency (times/day) ? 2 > 2   
Littering frequency (times/day) < 2 ? 2   
Feeding       
Average feed space per cow (cm) < 56.0 56.0 - 67.7 > 67.7  
Average feeding rack height (cm) < 138 138 - 146 > 146  
Roughage fed at fixed times of the day No Yes   
Different types of roughage No Yes, fed mixed Yes, fed separately 
Continuous availability4 of roughage No Yes   
Roughage contaminated with manure and/or 
moulds, or heat coming out  
No Yes   
Concentrate dispensers in the stable No Yes   
Max. amount of concentrates (kg DS/cow/day) < 9.5 9.5 - 10 > 10  
DIM when max. amount of concentrates is fed < 22  22 - 28 > 28  
Group drinkers  No Yes   
Sufficient number and/or length5 of drinkers Yes Partly No  
Milking practices     
Automatic milking No Yes   
Lactation groups No Yes   
Maximum waiting time for milking (min) < 45 45 - 75 > 75  
Temporary fixing of cows in feeding rack after 
each milking 
No Yes   
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Table 1. (continued) 
 
Factor Level 
Dry cows and young stock    
Dry cow groups (far-off and close-up) No Yes  
Length of transition period (weeks) ? 4 > 4  
Predominant place of calving Calving pen  
or pasture 
Other  
Heifer housing Same building  Other building Both 
Time of introducing heifers in lactating group Before calving After calving  
Way of introducing heifers in lactating group Individually In groups  
Other management practices    
Routine herd claw trimming  Yes No  
Individual cow claw trimming between herd 
trimming events 
Yes No  
Who trims claws Professional Farmer/employee Both 
Frequency of footbaths (times per month) Never ? 1 > 1 
Access to pasture Zero-grazing Summer pasturing   
Winter OLA6 for dry cows and/or young stock No Yes  
Cows in heat are fixed or separated No Yes  
Herd biosecurity status Open  Closed  
1 ‘Light’ (versus ‘dark’) was described as the observer being able (versus not being able) to read a newspaper in a cubicle around 
midday  
2 ‘Slippery’ was described as the observer experiencing slipping and having little grip during turning  
3 ‘Fecal contamination’ of a stall was described as cow droppings or >20% manure cover in the rear 1/3 part of the lying area 
4 ‘Continuous availability’ was described as at least 180 L (1 wheelbarrow) roughage per 25 cows anytime during the farm visit 
5 ‘Sufficient’ refers to at least 1 water bowl for 10 cows and/or 6 cm of through per cow; ‘partly sufficient’ refers to at least 1 
water bowl for 15 cows and/or 4 cm of through per cow; ‘not sufficient’ refers to otherwise (adapted from Welfare Quality, 2009) 
6 OLA = outdoor loafing area 
 
Lesions and swellings 
For the same cows as assessed for lameness, lesions and swellings with a minimum diameter of 2 cm 
at the largest extent were counted on a randomly chosen side of the body. These data were expressed 
at the herd level, as percentages of assessed cows with at least one lesion or swelling.  
 
Dirty hindquarter 
For the same cows as assessed for lameness, lesions and swellings, the presence of separate or 
continuous plaques of dirt amounting to at least the size of the palm of a hand was recorded for one 
hindquarter on a randomly chosen side of the body. These data were expressed at the herd level, as 
percentages of assessed cows with a dirty hindquarter. 
 
Displacements 
For the observations of displacements, the observer first divided the barn in a number of imaginary 
segments (number of segments depended on herd size, Welfare Quality, 2009), with a maximum of 
approximately 25 lactating cows per segment. In each segment, occurrence of displacements was 
recorded using continuous behavior sampling (Martin and Bateson, 1993). Observations did not start 
earlier than one hour after morning feeding. Total observation time was 120 min, with a minimum of 
10 min per segment. In case the number of segments was below six, segment observations were 
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repeated in the second hour of observation. A displacement was described as an interaction involving 
physical contact where the actor is butting, hitting, thrusting, striking, or pushing the receiver with a 
forceful movement, and the receiver gives up its present position with at least half a body length or 
width (Welfare Quality, 2009). A displacement was recorded only when the actor’s head was inside the 
segment of observation. Animals present in the segment were counted at the start and the end of 
each segment observation, and observation time per segment was recorded. Data collected at the 
segment level was expressed as average frequency of displacements per cow per hour at the herd 
level, using the expression:  
 
?????????????????????????????????? ? ??? ?
???
????????????????????????
?
???
  
 
where n = number of segments, s = segment 1, ..., n , DPs = number of displacements in segment s, 
OTs = observation time (h) in segment s, nstarts = number of animals present at the start of the 
observation in segment s, nends = number of animals present at the end of the observation in 
segment s. 
 
Housing and management data 
Measures relating to herd characteristics, housing, feeding, milking, dry cow and young stock, and 
other management practices (Table 1) were collected using a checklist and an interview with the 
stockperson.  
 
Data analyses  
To explore associations between welfare indicators, Spearman rank correlations (rs) were calculated. 
They were preferred over Pearson correlations, because indicators could not be assumed to be 
normally distributed. Next, separate regression analyses were carried out for each welfare indicator, 
considering the welfare indicator as response variable and variables described in Table 1 as 
explanatory variables, with herd as experimental unit. To this end, continuous explanatory variables 
(e.g. herd size) were converted into class variables. The two tertiles, i.e. the points that divide the 
ordered observations in three approximately equal groups, were taken as threshold values for the 
classes (Table 1). All calculations were performed with GenStat (GenStat for Windows 2011).  
First, univariable analyses were performed to evaluate the association between the response variable 
and each of the explanatory variables, using generalized linear models (McCullagh & Nelder 1989). A 
binomial distribution with a logit link function was specified for the prevalence of lameness, lesions or 
swellings, and dirty hindquarters, whereas a Poisson distribution with a log link function was specified 
for the average frequency of displacements. In both cases, a multiplicative overdispersion parameter 
was included in the variance function. Explanatory variables showing an association with the response 
variable with P-value < 0.20 were included in subsequent multivariable analyses. Second, in the 
multivariable analyses, explanatory variables were selected by a backward and by a forward stepwise 
procedure, using adjusted R2 as selection criterion. Explanatory variables that were selected by either 
of the two stepwise procedures were included in best subset selection, again with adjusted R2 as the 
selection criterion. Explanatory variables in the best subset, i.e. the subset with the highest adjusted R2,  
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Figure 1. Prevalence of lameness, lesions or swellings, dirty hindquarter, and frequency of 
displacements among the selected study herds. 
 
which were significantly (P < 0.05) associated with the response variable were retained in the final 
model. As a final check on possible confounding, each explanatory variable that was dropped from 
consideration was added to the final model in turn, to inspect its effect upon the contribution of the 
other selected variables. Variables that were (partially) confounded were not simultaneously included 
in the model, but only the variable that made most biological sense was retained. In a final step, two-
way interactions were evaluated among the explanatory variables that were retained in the final model.  
For numerical reasons, both for lameness prevalence  and frequency of displacements, the number of 
explanatory variables retained in the final models of the stepwise procedures proved to be too large 
for the best subset selection procedures. Therefore, the explanatory variables were put in a random 
order and split in two groups, which could then be analyzed separately in best subset selection. To 
avoid an effect of the random splitting on selection of explanatory variables, this procedure was 
repeated fifteen times. Explanatory variables that were significantly associated with the response 
variable (P < 0.05) in the thirty models were combined in a final best subset selection, and the same 
procedure as described above was followed for retaining significantly associated explanatory variables 
in the final model, and checking upon possible confounding.  
 
Results and discussion 
 
The median within-herd prevalence observed was 32.3% lame cows, 35.9% cows with lesions or 
swellings, and 38.9% cows with dirty hindquarters. The median number of displacements per cow per 
hour was 0.43. Prevalences varied largely among herds (Figure 1), which indicated room for 
improvement. Ranges found in our study were similar to those found in other studies that investigated 
welfare indicators (e.g. Von Keyserlingk et al., 2012). However, because herds in the present study were  
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Table 2. Overall P-values1 of effects of selected factors for prevalence of lameness (adjusted R2 = 
12.7%), and odds ratios with associated P-values for pairwise comparison of factor levels with a 
reference level (i.e. odds ratio = 1)  
 
Factor and level Estimated 
prevalence (%) 
Overall  
P-value Odds ratio 
95%  
CI of odds ratio 
P-value pairwise 
comparison  
Predominant surface of lying area       
  Concrete  42.8 0.00 1 - - 
  Hard mat 36.5  0.76 0.54-1.09 0.14 
  Soft mat/mattress 33.4  0.66 0.48-0.91 0.01 
  Deep bedding 26.6  0.48 0.32-0.71 0.00 
Access to pasture      
  Zero grazing 39.1 0.01 1 - - 
  Summer pasturing  30.5  0.68 0.51-0.90 0.01 
Herd biosecurity status      
  Open 37.8 0.03 1 - - 
  Closed 31.8  0.76 0.60-0.97 0.03 
Dry cow groups      
  No 38.1 0.02 1 - - 
  Yes 31.5  0.74 0.57-0.96 0.02 
1 Based on a likelihood ratio test, referring to an F- or Chi-square distribution 
 
not selected randomly, the observed prevalence was not representative of the population of Dutch 
dairy farms as a whole. Besides this, our selection procedure may have increased the variation among 
herds for the four welfare indicators and, consequently, inflated the degree of association between 
management and housing factors and welfare indicators. The evaluation of the multiple regression 
models, however, can be expected to be markedly more accurate for selected herds than for random 
herds, which was the prevailing argument for selection of herds. No significant associations were 
found between the four welfare indicators, except between prevalence of lameness and lesions or 
swellings (rs = 0.37, P < 0.001). 
 
Factors associated with lameness  
Twenty-six explanatory variables were associated (P < 0.20) with prevalence of lameness in the 
univariable analyses (Appendix). In the multivariable analyses, average stall width was dropped in favor 
of predominant surface of the lying area, since these were confounded. Odds ratios and associated 
confidence intervals of the explanatory variables retained in the final model are shown in Table 2. 
Prevalence of lameness was negatively associated with the use of soft mats or mattresses, or deep 
bedding as the predominant surface of the lying area, pasturing, a closed herd status, and separating 
dry cows into a far-off and a close-up group.  
The negative association between prevalence of lameness and the use of soft mats or mattresses, or 
deep bedding in stalls and pasturing was consistent with other studies (e.g. Haskell et al., 2006; 
Hernandez-Mendo et al., 2007; Dippel et al., 2009; Burow et al., 2012; Husfeldt and Endres, 2012; 
Chapinal et al., 2013). Similar to the positive association between the prevalence of lameness and an 
open biosecurity status of a herd in our study, Frankena et al. (1991) and Holzhauer et al. (2008) 
showed a higher risk of lameness and sole ulcers for herds purchasing heifers. A possible explanation 
might be that a closed herd prevents introduction of lameness-related infectious agents. To our  
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Table 3. Overall P-values1 of effects of selected factors for prevalence of lesions or swellings (adjusted 
R2 = 18.0%), and odds ratios with associated P-values for pairwise comparison of factor levels with a 
reference level (i.e. odds ratio = 1)  
 
Factor and level Estimated 
prevalence (%) 
Overall  
P-value Odds ratio 
95%  
CI of odds ratio 
P-value pairwise 
comparison  
Predominant surface of lying area       
  Concrete  58.4 0.00 1 - - 
  Hard mat 59.8  1.07 0.70-1.63 0.77 
  Soft mat/mattress 46.0  0.58 0.39-0.85 0.01 
  Deep bedding 41.8  0.48 0.30-0.77 0.00 
Access to pasture      
  Zero grazing 61.6 0.00 1 - - 
  Summer pasturing 41.3  0.41 0.27-0.61 0.00 
Light intensity2  0.00    
  Dark 59.2  1 - - 
  Light 43.8  0.50 0.34-0.75 0.00 
DIM when maximum amount of 
concentrates is fed   
 0.01    
  < 22   51.2  0.71 0.46-1.08 0.11 
  22 – 28 59.0  1 -  
  > 28 44.3  0.52 0.32-0.83 0.01 
Interaction pasturing and light intensity  0.04    
  Zero grazing and dark  73.6  1 - - 
  Zero grazing and light  49.6  0.34 0.16-0.69 0.00 
  Pasturing and dark 44.7  0.27 0.14-0.55 0.00 
  Pasturing and light 38.0  0.21 0.10-0.40 0.00 
        
1 Based on a likelihood ratio test, referring to an F- or Chi-square distribution 
2 ‘Light’ (versus ‘dark’) was described as the observer being able (versus not being able) to read a newspaper in a cubicle around 
midday  
 
knowledge, no other studies found associations between prevalence of lameness and separation of dry 
cows in far-off and close-up groups. The negative association between lameness and dry cow groups 
might indicate a beneficial effect of strategic feeding in these groups. Diet composition around 
calving, for example, is thought to affect the occurrence of laminitis via lactic acidosis (Nocek, 1997; 
Donovan et al., 2004). Another explanation for this negative association might be that dry cow groups 
are more often kept in straw yards instead of free-stalls. A lower occurrence of hoof problems has 
been found in straw yards compared to free-stalls (Webster, 2002; Somers et al., 2003). On the other 
hand, Barker et al. (2007) found that keeping dry cows in straw yards was associated with increased 
lameness. They hypothesized that keeping cows temporarily in straw yards can thin the sole horn, 
which may lead to sole ulcers when cows are kept on hard floors after calving. Contrary to other 
studies, we did not find an association between the prevalence of lameness and other housing and 
management factors, e.g. other aspects of stall design (e.g. Bernardi et al., 2009; Rouha-Mulleder et al., 
2009), alley flooring (Barker et al., 2010; Fjeldaas et al., 2011), space allowance (Barker et al., 2007), or 
claw trimming routines (Barker et al., 2007). Possibly, a lack of association was due to the type of 
measures considered in our study (e.g. height of the neck rail instead of distance to the rear curb).  
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Table 4. Overall P-values1 of effects of selected factors for prevalence of dirty hindquarters (adjusted R2 
= 25.4%), and odds ratios with associated P-values for pairwise comparison of factor levels with a 
reference level (i.e. odds ratio = 1) 
 
Factor and level Estimated 
prevalence (%) 
Overall  
P-value Odds ratio 
95%  
CI of odds ratio 
P-value pairwise 
comparison  
Predominant surface of lying area       
  Concrete  42.3 0.03 0.72 0.44-1.15 0.17 
  Hard mat 49.3  1 - - 
  Soft mat/mattress 46.3  0.87 0.56-1.34 0.52 
  Deep bedding 36.8  0.54 0.32-0.92 0.03 
Stalls with fecal contamination2      
  ? 50% 49.9 0.00 1 - - 
  < 50% 37.5  0.55 0.39-0.76 0.00 
Head lunge impediments      
  All stalls 62.8 0.00 1 - - 
  Some stalls 38.7  0.31 0.17-0.56 0.00 
  No stalls 29.6  0.20 0.10-0.43 0.00 
Different type of roughage      
  No 55.4 0.01 1 - - 
  Yes, fed mixed 36.0  0.38 0.20-0.74 0.01 
  Yes, fed separately 39.6  0.43 0.21-0.88 0.02 
Interaction head lunge impediments 
and different types of roughage  
     
  All stalls and one type 88.2 0.00 1 - - 
  All stalls and mixed 36.7  0.07 0.02-0.33 0.00 
  All stalls and separate 63.6  0.22 0.05-1.04 0.06 
  Some stalls and one type 48.4  0.12 0.03-0.52 0.06 
  Some stalls and mixed 36.7  0.07 0.02-0.30 0.00 
  Some stalls and separate 30.8  0.05 0.01-0.23 0.00 
  No stalls and one type 29.6  0.05 0.01-0.30 0.00 
  No stalls and mixed 34.5  0.06 0.01-0.30 0.00 
  No stalls and separate 24.6  0.04 0.01-0.21 0.00 
1 Based on a likelihood ratio test, referring to an F- or Chi-square distribution  
2 ‘Fecal contamination’ of a stall was described as cow droppings or >20% manure cover in the rear 1/3 part of the lying area 
 
Factors associated with lesions or swellings 
Twenty explanatory variables were associated (P < 0.20) with the prevalence of lesions or swellings in 
the univariable analyses (Appendix). In the multivariable analyses, frequency of footbaths was 
positively associated with the prevalence of lesions or swellings. Strength of this association changed 
when prevalence of lameness was introduced to the model. Because the use of footbaths was probably 
practiced because of poor claw health rather than a cause of lesions and swellings, it was dropped 
from the model. Odds ratios and associated confidence intervals of the explanatory variables retained 
in the final model are shown in Table 3. Prevalence of lesions or swellings was negatively associated 
with the use of soft mats or mattresses, or deep bedding as the predominant surface of the lying area, 
pasturing, light, and a higher number of days in milk when the maximum amount of concentrates is 
fed. In particular, the combination of zero grazing and little light intensity was positively associated 
with prevalence of lesions or swellings.  
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Table 5. Overall P-values1 of effects of selected factors for average frequency of displacements (DP) per 
cow per hour (adjusted R2 = 19.8%), and relative risks with associated P-values for pairwise comparison 
of factor levels with a reference level (i.e. relative risk = 1) 
 
Factor and level Estimated 
frequency 
(DP/cow/hour) 
Overall P-
value Relative risk
95%  
CI of 
relative risk 
P-value pairwise 
comparison  
Time of introducing heifers in 
lactating group 
     
  Before calving 0.29 0.02 0.76 0.61-0.95 0.02 
  After calving 0.38  1 - - 
Cow brushes      
  No brushes 0.26 0.01 0.63 0.47-0.85 0.00 
  Fixed 0.34  0.84 0.64-1.09 0.19 
  Rotating 0.40  1 - - 
Continuous availability2 of roughage      
  No 0.25 0.00 0.62 0.43-0.88 0.01 
  Yes 0.41  1 - - 
Floor scraping frequency (times/day)      
  < 3 0.41 0.00 1 - - 
  3 – 5 0.22  0.54 0.37-0.78 0.00 
  > 5 0.37  0.90 0.70-1.16 0.42 
Herd size      
  < 61 0.37 0.00 1 - - 
  61 – 79 0.39  1.07 0.83-1.38 0.62 
  > 79 0.23  0.62 0.46-0.84 0.00 
Proportion cows to stalls      
  < 0.91 0.34 0.01 0.87 0.67-1.14 0.32 
  0.91 – 1.04 0.26  0.65 0.49-0.87 0.00 
  > 1.04 0.39  1 - - 
1 Based on a likelihood ratio test, referring to an F- or Chi-square distribution 
2 ‘Continuous availability’ was described as at least 180 L (1 wheelbarrow) roughage per 25 cows anytime during the farm visit 
 
The negative association between the prevalence of lesions or swellings and the use of soft mats or 
mattresses, or deep bedding in stalls and pasturing was consistent with results of other studies (e.g. 
Weary and Taszkun, 2000; Haskell et al., 2006; Fulwider et al., 2007; Lombard et al., 2010; Husfeldt and 
Endres, 2012; Burow et al., 2013; Brenninkmeyer et al., in press). To our knowledge, there are no other 
studies that found associations between prevalence of lesions or swellings and light intensity in the 
barn, or days in milk when the maximum amount of concentrates is fed. We hypothesize that light 
intensity reflects a number of superior underlying or associated housing and management practices, 
because herds with a light barn more often had, e.g., higher feeding racks, wider alleys, and longer, 
cleaner stalls with a higher neck rail and no head lunge impediments (P < 0.01). This could also explain 
the interaction between pasturing and light intensity; effects of superior housing and management 
practices become more important when cows are indoors year-round. Prevalence of lesions or 
swellings was lower in herds where cows were at least 28 days in milk when the maximum amount of 
concentrates was fed. High intake of concentrates, and fewer and shorter bouts of intake, have been 
shown to result in laminitis and clinical signs of lameness (Manson and Leaver, 1988; Bergsten, 1994). 
This might partially explain the effect of feeding concentrates on lesions and swellings, because the 
prevalence of lesions or swellings and the prevalence of lameness were associated. Odds ratios for the 
association between concentrate feeding and lesions or swellings dropped about 10% when lameness 
prevalence was introduced in the model. We did not find associations between lesions or swellings and 
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other housing and management factors, contrary to other studies that found associations with, e.g., 
aspects of stall design (e.g. Brenninkmeyer et al., in press), feed space (Rutherford et al., 2008), or 
breed (Burow et al., 2013). Other studies, however, mostly investigated lesions and swellings on the 
hock, whereas we considered lesions and swellings on the whole body.  
 
Factors associated with dirty hindquarters  
Fourteen explanatory variables were associated (P < 0.20) with the prevalence of dirty hindquarters in 
the univariable analyses (Appendix). The multivariable analyses showed that temporal fixing of cows 
after milking was positively associated with the prevalence of dirty hindquarters, but also collinear with 
the use of deep bedding in stalls (P = 0.004). Because temporal fixing of cows was probably practiced 
for reasons of udder health rather than a cause of dirty hindquarters, it was dropped from the model. 
Odds ratios and associated confidence intervals of the explanatory variables retained in the final model 
are shown in Table 4. Prevalence of dirty hindquarters was negatively associated with concrete, soft 
mats or mattress, or deep bedding as the predominant surface of the lying area, fewer stalls with fecal 
contamination, fewer stalls with head lunge impediments (e.g. a wall or bars), and feeding different 
types of roughage. In particular, the combination of stalls having head lunge impediments and feeding 
a single type of roughage was positively associated with prevalence of dirty hindquarters.  
To our knowledge, no other studies investigated factors associated with cleanliness of the hindquarter, 
but similar associations have been found for deep bedding in stalls, stall cleanliness, and udder 
cleanliness (Fregonesi et al., 2009; Plesch and Knierim, 2012). The positive association between the 
prevalence of dirty hindquarters and head lunge impediments in the stall is difficult to explain because 
more restricted stalls have often been associated with cleaner cows (e.g. Fregonesi et al., 2009; Plesch 
and Knierim, 2012). The association between dirty hindquarters and feeding one type of roughage was 
due to manure plaques found on both sides of the tail, probably caused by diarrhea. Hence, feeding a 
single type of roughage is likely accompanied by digestive problems. Manure plaques on both sides of 
the tail were most observed in herds that fed one type of roughage, compared to herds feeding 
different types of roughage mixed and separately (5.6%, 1.6% and 0%; P < 0.001). Contrary to other 
studies, we did not find an association between dirty hindquarters and other housing and 
management factors, e.g. neck rail height or stall bed length (e.g. Bernardi et al., 2009; Fregonesi et al., 
2009; Plesch and Knierim, 2012).  
 
Factors associated with frequency of displacements  
Twenty-three explanatory variables were associated (P < 0.20) with the average frequency of 
displacements in the univariable analyses (Appendix). In the multivariable analyses, routine herd claw 
trimming was negatively associated with the frequency of displacements, but was also collinear with 
floor scraping frequency and the use of cow brushes (P < 0.001). Because no direct causal relation 
could be assumed with frequency of displacements, herd claw trimming was dropped from the model. 
Relative risks and associated confidence intervals of the explanatory variables retained in the final 
model are shown in Table 5. Average frequency of displacements was negatively associated with 
introducing heifers in the lactating group before calving, not using cow brushes, not having a 
continuous availability of roughage, a floor scraping frequency of 3 to 5 times per day, a herd size > 79 
cows, and a proportion cows to stalls between 0.91 and 1.04.  
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Three of the six factors associated with the frequency of displacements were likely to be related to 
competition around resources with limited access, such as feed, cow brushes, and stalls. Average 
frequency of displacements was lower in herds that introduced heifers in the lactating group before 
calving, compared to introduction after calving. Introduction of new animals in a group is known to 
increase displacements due to re-establishment of social relationships (Kondo and Hurnik, 1990; Bøe 
and Færevik, 2003), and can lead to a decrease in dry matter intake of regrouped cows by 10% 
(Schirmann et al., 2011). Fewer displacements might have been observed due to pregnant heifers 
being less motivated to compete for feed, because they require less energy prepartum compared to 
postpartum. Besides this, frequency of displacements increased with continuous availability of feed at 
the feed bunk. The number of displacements has been shown to increase over 3.5 times when feeding 
non-uniform feed (Huzzey et al., 2013). A higher frequency of displacements, therefore, might be 
explained by a larger variation in quality of the feed after the feed was selected by cows during 
morning feeding. The frequency of displacements was lower among herds with no cow brushes, which 
might indicate that cows are motivated for using brushes. Possibly, the ratio brushes to cows was too 
small. Similar to the results of Fregonesi and Leaver (2002), frequency of displacements was lower in 
herds with 0.9 to 1.04 cows per stall compared to herds with more than 1.04 cows per stall. This can be 
due competition for stalls (Fregonesi et al., 2007) or to cows spending more time in alleys instead of 
stalls (Wierenga and Hopster, 1990), which increases the chance of encountering a conspecific. A 
frequency of 3-5 floor scraping events per day was associated with fewer displacements, compared 
with < 3 floor scraping events. This was contrary to our expectation because a higher floor scraping 
frequency usually results in dryer concrete floors, which enable cows to show a higher walking speed, 
less slipping, and longer strides compared to cows walking on slurry-covered concrete (Phillips and 
Morris, 2000; Rushen and de Passille, 2006). Therefore, with a higher floor scraping frequency, it was 
expected that cows feel more secure to start agonistic interactions, such as displacements. Possibly, 
this effect is only found when the floor scraping frequency is > 5 (Table 5). Contrary to Telezhenko et 
al. (2012), we found an association between herd size and displacements. The negative association 
between herd size and displacements might imply that a cow can use relatively more space in a larger 
herd than in a smaller herd (given an equal amount of space per animal), because more space is 
shared (described for broilers in Bokkers et al (2011)). This relative additional space in large herds 
might be used by cows to avoid conflicts with conspecifics. Contrary to other studies, we did not find 
an association between frequency of displacements and other factors, e.g. feed space per cow (DeVries 
et al., 2004; Huzzey et al., 2006). Possibly, this was due to that fact that occurrence of displacements 
were recorded at a specific time of the day in our study (i.e. at least one hour after feeding). 
 
Factors associated with multiple welfare indicators 
Housing and management factors identified in our study were partly the same for prevalences of 
lameness, lesions or swellings, and dirty hindquarters. The two welfare indicators that were most 
correlated - prevalence of lameness and lesions or swellings – had two explanatory factors in common. 
Results of this study suggest that changing the surface of the lying area and pasturing can help 
decrease the prevalence of welfare problems for multiple welfare indicators. However, associations of 
these factors with other indicators of dairy cattle welfare, e.g. prevalence of mastitis, should be 
investigated.  
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Housing and management factors did not show conflicting effects for different welfare indicators. 
Conflicts were expected due to associations found in other studies. For example, introducing heifers to 
the lactating group before calving was associated with a lower frequency of displacement in our study, 
but has been associated with increased lameness in a study by Barker et al. (2007).  
No common housing and management factors were found for frequency of displacements and other 
welfare indicators. This might be partly due to absence of a biological relation between the average 
frequency of displacements and other indicators, which was supported by our finding that they were 
not correlated. Nevertheless, significant associations between being displaced and increased lameness 
have been found at the animal level (e.g. Galindo et al., 2000), and it has been suggested that these 
low-ranking cows spent more time walking and standing. Results of our study suggested that 
lameness, lesions or swellings, and dirty hindquarters were more influenced by the quality (e.g. 
softness, space, and cleanliness) of lying and walking surfaces, whereas frequency of displacements 
was mainly influenced by competition around limited resources.  
 
Conclusions 
 
Fifteen housing and management factors were associated with four indicators of dairy cattle welfare. 
Two of these factors, surface of the lying area and access to pasture, were commonly associated with 
prevalence of lameness, lesions or swellings, or dirty hindquarters. No common housing and 
management factors were identified for frequency of displacements and other welfare indicators. 
Lameness, lesions or swellings, and dirty hindquarters were more often associated with factors relating 
to the quality of lying and walking surfaces, whereas frequency of displacements was more often 
associated with factors relating to limited resources.  
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Appendix. Results1 of one-way analyses of single potential risk factors for the prevalence of lameness, 
lesions or swellings, cow with dirty hindquarter, and frequency of displacements 
 
Potential risk factor 
% lame cows % cows with 
lesions/swellings
% cows with dirty 
flank 
Freq. of 
displacements 
General herd characteristics     
Herd size  *  * *** 
Breed     * 
Housing     
Air inlet side walls ** ***  * 
Air inlet roof top *** *   
Light intensity  ** *** ** 
Brushes  *  * 
Average width of alleys  ***   
Average width of passages   **   
Alleys with dead ends ****    
Type of flooring system     
Slippery floor  ****    
Floor scraping frequency   * * *** 
Rims or pit in the floor ****   * 
Stalls     
Proportion cows to stalls    *** 
Predominant surface of lying area **** **** *  
Stall divisions ** *  ** 
Average stall width  *** ***   
Average stall length  * **  *** 
Average height of stall neck rail  ****    
Head lunge impediments   **** * 
Bedding height    ***  
Stalls with fecal contamination   ****  
Cleaning frequency  **   * 
Littering frequency  ***   ** 
Feeding       
Average feed space per cow     * 
Average feeding rack height  *** * ** * 
Roughage fed at fixed times of the day   *  
Different types of roughage  ** ****  
Continuous availability of roughage    ** 
Roughage contaminated with manure and/or 
moulds, or heat coming out  
** *   
Concentrate dispensers in the stable **** ***   
Maximum amount of concentrates     **** 
DIM when max. amount of concentrates is fed  **   
Group drinkers   *   
Sufficient number and/or length of drinkers ***    
Milking practices     
Automatic milking     
Lactation groups **   * 
Maximum waiting time for milking     
Temporary fixing of cows after milking **  ***  
 
 
Housing and management factors 
and dairy cattle welfare 101 
 
Appendix. (continued) 
 
Potential risk factor 
% lame cows % cows with 
lesions/swellings
% cows with dirty 
flank 
Freq. of 
displacements 
Dry cows and young stock     
Dry cow groups (far-off and close-up) ***    
Length of transition period      
Predominant place of calving **    
Heifer housing    ** 
Time of introducing heifers in lactating group    *** 
Way of introducing heifers in lactating group     
Other management practices     
Routine herd claw trimming  *  * * 
Individual cow claw trimming between herd 
trimming events 
   *** 
Who trims claws  *   
Frequency of footbaths  *** **** ***  
Pasturing *** **** * * 
Winter OLA for dry cows and/or young stock *    
Cows in heat are fixed or separated     
Herd biosecurity status  ***    
1 P-value of F-test. Significance of association indicated by * (0.10 < P < 0.20) , ** (0.05 < P < 0.10), *** (0.01 < P < 0.05),  
**** (P < 0.01) 
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Introduction  
 
Assuring a certain level of welfare for dairy cattle requires regular assessment of the level of welfare on 
dairy farms. Results should be communicated to farmers, as well as advice about housing and 
management interventions to improve welfare. The cyclical process of welfare assessment, feedback 
and advice to the farmer, and intervention in management and resources is the basis of a welfare 
assurance scheme (described in detail in Chapter 1). There are some issues, however, that may hamper 
implementation of welfare assurance schemes and, as a consequence, improvement of dairy cattle 
welfare. First, on-farm assessment of animal welfare is time-consuming and, therefore, expensive. 
Second, interventions in housing and management may be conflicting for different indicators of dairy 
cattle welfare. In this thesis, we explored two strategies to improve time efficiency of assessing dairy 
cattle welfare (Chapter 2, 3, and 5), and we evaluated associations of housing and management factors 
with indicators of dairy cattle welfare (Chapter 6). Furthermore, we evaluated the Welfare Quality 
multicriteria evaluation (WQ-ME) model for classification of dairy cattle welfare (Chapter 4), because of 
its potential role for decision-making in welfare assurance schemes.  
In the current chapter, the relevance of the results of this thesis for efficient assessment and 
improvement of dairy cattle welfare is discussed. The potential reduction in the number of on-farm 
assessments is shown for each welfare indicator of the Welfare Quality protocol for dairy cattle. The 
essence of an overall welfare score of herds for identifying herds with poor welfare is explained, as well 
as a potential reason why WQ-ME classification was strongly influenced by a limited number of welfare 
indicators. Furthermore, effectiveness of welfare assurance schemes for improvement of dairy cattle 
welfare is discussed, using empirical evidence from other studies. This chapter finishes with 
conclusions and recommendations regarding the general aim of this thesis: to contribute to assurance 
of dairy cattle welfare by evaluating strategies to improve time efficiency of welfare assessment and by 
identifying housing and management interventions for welfare improvement.  
For all studies in this thesis, we used the Welfare Quality protocol for cattle (Welfare Quality, 2009) as a 
golden standard for assessing dairy cattle welfare. This is the most recent protocol for on-farm 
assessment of dairy cattle, and includes a large proportion of animal-based indicators, which are 
considered to possess a higher validity for animal welfare than resource-based indicators (Webster et 
al., 2004). Because the objective of Welfare Quality was to develop a protocol built on evidence-based 
indicators, we did not evaluate the reliability (the extent to which the same results are obtained among 
observers, within observers, and over time (Knierim and Winckler, 2009)) of the indicators in this study. 
This does not necessarily imply, however, that reliability of all indicators is high. Bokkers et al. (2012), 
for example, reported low reliability of the Qualitative Behavior Assessment, and Winckler et al (2007) 
showed low reliability of frequencies of agonistic behavior over time. Low reliability may have resulted 
in a weaker association of welfare indicators with routine herd data (Chapter 3), with other welfare 
indicators in the Welfare Quality protocol (Chapter 5), and with housing and management factors 
(Chapter 6). This potential bias is discussed in more detail in Chapter 5.  
Herd data presented in this thesis is not representative for the Dutch dairy population because herds 
were not selected randomly. Because the selection increased variation in welfare among herds in our 
study, this may have resulted in a stronger association of welfare indicators with routine herd data 
(RHD; Chapter 3), other welfare indicators (Chapter 5), and housing and management factors (Chapter 
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6). Absolute strengths of associations may, therefore, be different for the general population of dairy 
herds. However, the direction of the associations and the order of importance is expected to be 
representative for the general population. The extent to which the results can be extrapolated to herds 
in other countries may vary depending on, e.g., similarity of housing (e.g. design of stalls or flooring) or 
management (e.g. feeding or pasturing) practices. With regard to the evaluation of the WQ-ME model 
in Chapter 4, we expect that the conclusions of this chapter are relevant for herds in similar housing 
and management in other countries as well, as herds in our study spanned a wide range of animal 
welfare.  
 
Efficient assessment of dairy cattle welfare 
The time required for on-farm welfare assessment of dairy herds in a population can be reduced in two 
ways. The first way is to reduce the number of on-farm assessments, either by assessing fewer herds in 
a population or making fewer assessments per herd over time. In this thesis, we evaluated a strategy 
for reducing the number of on-farm assessments in a population, based on routine herd data available 
in national databases (Chapter 2 and 3). The second way is to reduce the time needed per on-farm 
assessment. The approach followed in this thesis was to replace indicators of an on-farm assessment 
protocol by predictions based on remaining welfare indicators (Chapter 5). Obviously, a combination 
of reducing the number of on-farm assessments as well as on-farm assessment time would result in 
the largest reduction of on-farm assessment time for a population of dairy herds. 
 
Reducing the number of on-farm assessments 
In many developed countries, RHD are regularly collected from dairy farms, relating to, for example, 
demography, milk quality, productivity, and fertility. The results of the literature review in Chapter 2 
showed that individual variables of RHD have been associated with a large number of dairy cattle 
welfare indicators in other studies. Therefore, it was hypothesized that a combination of these variables 
of RHD could provide a continuous, easy, and inexpensive opportunity to estimate the level of animal 
welfare on farms. Results of the observational study in 196 selected Dutch dairy herds in Chapter 3 
showed that herd-level estimates for welfare indicators in the Welfare Quality protocol based on RHD 
were less to highly accurate. RHD were considered little suitable for attributing a binding welfare status 
to dairy herds, because a large proportion of herds was incorrectly identified as a herd with poor 
welfare. Nonetheless, RHD appeared useful as a pre-screening test for identification of herds with 
potentially poor welfare, in order to reduce the number of on-farm assessments compared to random 
farm visits. Because this pre-screening test also yields false-positive herds, the true welfare level of 
herds needs to be validated in an on-farm assessment.  
 
Application of RHD as a pre-screening test  
Application of RHD as a pre-screening test for identification of herds with poor welfare adds an extra 
cycle to the basic cyclical process of assessment, feedback and advice to farmers, and intervention in 
the basic welfare assurance scheme (Figure 1). In this extended cyclical process, herds are regularly 
pre-screened for the level of animal welfare based on RHD (circle on the left-hand side of Figure 1). 
The frequency of screening depends on the sampling frequency of RHD at the farm, which may differ 
between variables of RHD. In our study herds, sampling frequency varied from continuous to  
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Figure 1. Extended cyclical process of welfare assurance scheme for assessment of dairy cattle welfare 
 
approximately every four weeks. Welfare of herds that test positive (i.e. poor welfare) in the pre-
screening should be validated in an on-farm assessment (circle on the right-hand side of Figure 1). 
Based on this assessment, only true-positive1 herds may be retained in the cycle to communicate 
results with the farmer, as well as advice about interventions in dairy housing and management that 
potentially lead to welfare improvement. The pre-screening test could be adjusted to avoid repeated 
unnecessary visits to false-positive2 herds by, e.g., lowering the frequency of on-farm welfare 
assessments in these herds. 
The level of welfare in a dairy herds can fluctuate over time, due to, e.g., seasonal variation in feed 
quality, temporary manifestation of disease, or access to pasture during some part of the year. Because 
RHD are regularly collected from farms, they provide a dynamic pre-screening system for dairy cattle 
welfare that may be able to signal fluctuations in the level of welfare of herds over time.  
 
Time gain due to the use of the pre-screening test  
According to the information given in the Welfare Quality protocol for cattle (Welfare Quality, 2009), 
on-farm assessment time is approximately six hours for a herd of about 80 lactating cows (average size 
of a Dutch dairy herd (LEI, 2008)). This is practically equal to one assessment per day. The number of 
on-farm assessments that are needed for identification of herds with poor welfare using the pre-
screening test developed in Chapter 3, can be compared to a situation in which herds are visited with 
no prior information (i.e. random farm visits). The amount of reduction in the number of on-farm 
assessments depends on the performance of the pre-screening test and the prevalence of herds with 
poor welfare in a population, which are different for each welfare indicator (Table 1). A better 
performance of the prescreening test and a lower prevalence of herds with poor welfare are  
                                                 
1 True-positive: a herd correctly identified as having poor welfare  
2 False-positive: a herd incorrectly identified as having poor welfare  
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Figure 2. Welfare assurance scheme for the prevalence of severe lameness (with herd with poor welfare 
defined as having more than 12% severely lame cows, for a population of 18 000 herds with 20.2% 
(weighted percentage5) herds with poor welfare, and a pre-screening test with 97.5% sensitivity and 
23.5% specificity (Chapter 3)).   
 
accompanied by a larger relative reduction in the number of on-farm assessments. The performance of 
the pre-screening test can be described by its sensitivity3 and specificity4. The relative reduction in the 
number of on-farm assessments based on a pre-screening test can be calculated as follows:  
 
?? ???????? ? ???? ? ?? ? ???? ? ???? ? ?? ? ????? ???? ? ??????? , 
 
where??? ???????? = percentage of reduction in the number of on-farm assessments compared to 
random farm visits given a prevalence of herds with poor welfare prev, and a sensitivity of the pre-
screening test of 97.5% Se, and ???? the specificity of the pre-screening test given a sensitivity Se.  
 
The implications of this formula for the absolute reduction in on-farm welfare assessments are 
illustrated using prevalence of severe lameness in 18 000 commercial dairy herds in the Netherlands as 
an example. For the purpose of this example, we estimate that 20.2%5 of these herds have poor 
welfare (i.e. more than 12% severely lame cows). Without a pre-screening test, all 18 000 herds have to 
be visited to detect these 3 636 herds with poor welfare. With a pre- screening test (with 97.5% 
sensitivity and 23.5% specificity (Chapter 3)), 14 534 herds are visited to detect 97.5% of herds with 
poor welfare (3 545 herds; Figure 2).  
 
                                                 
3 Sensitivity: the proportion of herds correctly identified as having poor welfare  
4 Specificity: the proportion of herds correctly identified as having ‘good’ welfare  
5 Study herds were selected based on a composite health score (see details in Chapter 3). The percentage presented is a 
weighted average of the proportion of herds with >12% severely lame cows selected from the 5% worst (weight = 0.05) and 
95% best (weight = 0.95) composite health scores.  
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Table 1. Relative reduction in the number of on-farm assessments needed for identification of herds 
with a welfare problem1,2 using routine herd data as a pre-screening test, compared to random farm 
visits (given a weighted percentage3 of herds with a welfare problem, and a pre-screening test with a 
sensitivity of 97.5%) 
 
Principle Indicator Herds with a welfare 
problem  
(weighted %)3 
SpSe=97.5% 
(%) 
% reduction in  
on-farm 
assessments 
Good  Very lean cows (%) 20.2 39.3 31.9 
feeding Number (length) of drinkers 15.1 14.4 12.6 
 Cows have access to ?2 drinkers 3.6 80.7 77.9 
Good  Time to lie down (s) 40.6 7.9 5.7 
housing Cows colliding with stall components (%) 44.7 0.0 1.7 
 Cows lying outside lying area (%) 9.3 29.8 27.3 
 Cow with dirty hind legs 76.4 22.0 7.1 
 Cow with dirty udder 31.2 9.8 7.5 
 Cow with dirty hindquarter 70.6 6.0 3.5 
Good  Moderately lame cows (%) 21.2 21.7 17.6 
health Severely lame cows (%) 20.2 23.5 19.3 
 Cows with:     
 - hairless patches (%) 26.6 23.6 18.0 
 - lesions or swellings (%) 26.6 14.1 11.0 
 - nasal discharge (%) 13.6 29.3 25.7 
 - diarrhea (%) 31.0 20.3 14.8 
 - vulvar discharge (%) 7.8 21.7 6.6 
 - dystocia (%) 41.1 5.8 4.4 
 Dehorned young stock (%) 98.4 30.8 3.0 
Appropriate  Average freq. of head butts 24.8 23.4 18.2 
behavior Average freq. of displacements 24.8 14.0 11.1 
 Avoidance distance index 19.4 5.1 4.6 
 Qualitative behavior index 19.5 9.8 8.4 
     
1 Thresholds values for a welfare problem were partly based on values given in the Welfare Quality assessment protocol for dairy 
cattle, and partly based on 25% worst scoring herds in our study (thresholds values can be found in Chapter 3) 
2 Concerns only indicators showing a welfare problem in at least 5% of the herds in our study  
3 Because our study herds were selected based on a composite health score (see details in Chapter 3), observed percentages of 
herds with a welfare problem are not representative for the Dutch population. The percentage presented in this table is a 
weighted average of the percentage of herds with a welfare problem selected from the 5% worst (weight = 0.05) and 95% best 
(weight = 0.95) composite health scores.  
 
A larger relative reduction in the number of on-farm assessments can be realized when a lower 
detection probability of the herds with poor welfare (i.e. a lower sensitivity) is acceptable. This may be 
relevant when costs of assessments are an impediment. The optimal sensitivity for detection of herds 
with more than 12% severely lame cows was 70.5%, which resulted in a considerable reduction in the 
proportion of false-positive herds (see Figure 2 in Chapter 3). With this pre-screening test (with 70.5% 
sensitivity and 72.0% specificity (Chapter 3)), 6 585 herds should be visited to detect 70.5% of the 
herds with poor welfare (i.e. 2 563 herds). In this situation, the relative reduction in the number of on-
farm assessments is 63.4%, compared to random farm visits.  
Table 1 shows the relative reduction in the number of on-farm assessments for each welfare indicator 
in the Welfare Quality protocol for dairy cattle. On average, the percentage of on-farm assessments is 
reduced by 15.4% compared to random farm visits. However, there are some aspects of this calculation 
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that need to be discussed. First, pre-screening tests developed in this thesis might perform differently 
in another population (i.e. other than our study herds). Therefore, performance of these tests should 
be validated in other herds, as well as the corresponding reduction in the number of on-farm 
assessments. Second, the relative reduction in the number of on-farm assessments varies from 0.9% to 
77%, depending on the welfare indicator (Table 1). Hence, when all of these indicators are considered 
simultaneously, the overall reduction in the number of on-farm assessments is equal to 0.9%. 
Moreover, as different herds might test positive for different indicators, the overall reduction depends 
on the total number of herds testing positive among all indicators. In our dataset, for example, all 
herds tested positive for at least one indicator, which implies all herds should be visited in case all 
indicators are equally important.  
The relative importance of indicators for addressing dairy cattle welfare, however, differs according to 
animal welfare experts (Whay et al., 2003; Lievaart and Noordhuizen, 2011). For example, animal 
welfare experts ranked lameness as a more important welfare indicator than skin lesions (Whay et al., 
2003). Moreover, thresholds for good or poor welfare were based partly on the 25% worst scoring 
herds in our study, which was an arbitrary choice. Hence, when various indicators are to be assessed 
simultaneously, value judgments about an overall welfare score of herds inevitably need to be made to 
decide whether a herd should be visited following a pre-screening.  
 
Can routine herd data be used for prediction of an overall welfare score? 
Two other studies explored the value of RHD for predicting dairy cattle welfare. In these studies, a herd 
was considered to have overall poor welfare if it was among the 10% worst scoring herds for at least 
two of nine indicators assessed (Sandgren et al., 2009; Nyman et al., 2011). Similar to some other 
methods that combine indicators in an overall score, this method shows a number of drawbacks. First, 
defining a threshold value for poor welfare based on the 10% worst scoring herds is an arbitrary 
choice. In the absence of an objective judgment, thresholds can at best be based on value judgments 
by animal welfare experts. Second, setting a single threshold value does not account for variation of 
severity of a problem within the threshold categories. For example, with a threshold set at 12%, a herd 
showing 80% severely lame cows is not classified worse than a herd showing 20% severely lame cows, 
and this score can be equally compensated with good scores for other indicators. Third, the method 
does not account for differences in relative importance of indicators. A herd showing a high 
percentage of cows with hairless patches, for example, is classified the same as a herd showing a high 
percentage of severely lame cows.  
The Welfare Quality multicriteria evaluation (WQ-ME) model was developed with the aim to provide an 
overall welfare score that reflects the multidimensional nature of welfare and relative importance of 
welfare indicators. To address the potential drawbacks of an aggregation model like the one 
mentioned above, the model employs various algorithmic operators that are parameterized based on 
value judgments of animal welfare experts (Botreau et al., 2009). An evaluation of the WQ-ME model in 
Chapter 4, however, showed that current classification of our study herds was strongly influenced by a 
limited number of welfare indicators. Though the percentage of severely lame cows ranged up to 66% 
in our study herds, classification was almost not influenced by lameness. Other animal welfare experts, 
however, have ranked lameness as the most important indicator of dairy cattle welfare (Whay et al., 
2003; Lievaart and Noordhuizen, 2011). The fact that classification was not very sensitive to indicators 
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that were considered important by experts in other studies suggests that the WQ-ME model needs to 
be improved. As soon as this model is improved, the value of RHD for pre-screening of classification of 
herds can be investigated. 
 
Improvement of the Welfare Quality multicriteria evaluation model  
Assuring dairy cattle welfare requires value judgments about poor or good overall welfare. Though 
improvement is needed, the WQ-ME model seems a relatively appropriate technique for classification 
of dairy cattle welfare. In chapter 4, two research directions were suggested for improvement of the 
WQ-ME model, in terms of its ability to reflect the relative importance of welfare indicators. These 
research directions aimed at investigating the choice of algorithmic operators and the role of expert 
opinion in the model, because of their apparent influence on the extent of compensation among 
indicators. In an MSc study, we explored the effect of changing the composition of experts in the WQ-
ME model on herd classification. We randomly eliminated some expert scores and replaced them by a 
score of one of the remaining experts. Preliminary results show that a slightly different composition of 
experts can significantly influence classification of herds. This might explain why, based on the WQ-ME 
model in its current form, some welfare indicators are relatively unimportant for classification. The 
exact cause of this difference (e.g. scientific expertise, nationality, or attitude of omitted experts) 
requires further investigation. Including a larger number of experts or adjusting for the level of 
agreement among the experts (Lievaart and Noordhuizen, 2011) might help to improve the robustness 
of WQ-ME classification of dairy herds. Besides this, experts might rank herds differently when they 
know underlying indicator scores (e.g. the percentage of severely lame cows). In practice, however, this 
might be difficult due to the large number of indicators included in the WQ-ME model.  
 
Reducing on-farm assessment time 
The second way to reduce on-farm assessment time is to reduce the time needed per on-farm 
assessment (approximately six hours for a herd of about 80 lactating cows). It was shown in Chapter 5 
that replacing indicators of an on-farm assessment protocol by predictions based on remaining 
welfare indicators did not reduce on-farm assessment time, because welfare indicators were little 
associated. Similar to our results, Andreasen et al. (2013) concluded that one indicator, the Qualitative 
Behavior Assessment, could not be used to replace other indicators in the WQ protocol for cattle. 
Other promising strategies for reducing on-farm assessment time are widely investigated, such as 
adjusting sampling strategies for locomotion scoring (e.g. Main et al., 2010), automated monitoring of 
sickness by measuring feeding behavior (Weary et al., 2009), or the use of image analysis, weigh scales, 
or accelerometers attached to the leg for detection of lame cows (Chapinal et al., 2010; Pluk et al., 
2012). Three-dimensional accelerometers could also be used for measuring resting behavior (Ito et al., 
2010). In Chapter 5, it was emphasized that reduction of assessment time of individual indicators is 
useless when other indicators in an assessment method (i.e. behavioral observations or clinical 
observations) still need to be assessed. This is relevant for other research that aims to reduce on-farm 
assessment time. If assessment of the six indicators in behavioral observations is automated, for 
example, on-farm assessment time of the Welfare Quality protocol could be reduced by approximately 
150 minutes (Welfare Quality, 2009), whereas no time would be gained by automating less than six 
indicators because other indicators still need to be assessed.  
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Improvement of dairy cattle welfare 
On-farm welfare assessment should be succeeded by feedback of results to farmers (Figure 1). 
Assessment and feedback gives the farmer opportunities to consolidate or improve the level of welfare 
in the herd. Science-based advice about housing and management interventions for welfare 
improvement can assist the farmer in making effective changes. The fact that animal welfare is 
assessed by multiple indicators, however, challenges a coherent advice, because it is largely unknown 
whether housing and management factors have opposing or synergic effects for different indicators. In 
Chapter 6, we studied associations of housing and management factors with four indicators relating to 
different aspects of animal welfare. It was found that indicators relating to good housing and health 
were partly associated with similar factors, whereas the indicator relating to appropriate behavior was 
not. Associations of housing and management factors with other indicators in the Welfare Quality 
protocol should be investigated. In a recent study, Burow et al. (2012) found both negative and 
positive associations between pasturing and 17 indicators assessed in the Welfare Quality protocol. 
When these indicators were linearly combined in a self-developed overall score for dairy cattle welfare, 
a positive association was found between pasturing and the overall score.  
In this thesis, we did not evaluate to which extent interventions result in improvement of the level of 
welfare in herds (Figure 1). Main et al. (2012) reported that on-farm assessment only led to a reduction 
of lameness in herds. Studies that evaluated effects of interventions have found reduction in, e.g., 
prevalence of lameness, mastitis, and herd somatic cell count (Green et al., 2007; Main et al., 2012), but 
some other studies did not find a significant decrease (Bell et al., 2009; Barker et al., 2012). We also did 
not evaluate to which extent farmers are motivated to intervene in housing and management for 
improvement of dairy cattle welfare. It has been emphasized, however, that development of welfare 
assurance schemes should focus on promoting farmer engagement (Main and Mullan, 2012), and that 
a facilitated approach to discuss interventions for improvement can be at least as effective as a direct 
advisory approach (Whay et al., 2012). In a study by Leach et al. (2010a), farmers ranked time and labor 
as most important limiting factors for lameness control activities, rather than a lack of information or 
high investment costs. Farm assurance status was not considered very important for farmers to control 
lameness (Leach et al., 2010b). Therefore, it is uncertain whether technical advice on interventions for 
improvement of animal welfare, such as the ones proposed in Chapter 6, will be adopted by farmers. 
These aspects require investigation, in order to further contribute to assurance of dairy cattle welfare.  
 
General conclusions  
 
? Routine herd data in national herd databases are associated with various indicators of dairy 
cattle welfare (Chapter 2); 
? Routine herd data have value for estimating dairy cattle welfare at the herd level (Chapter 3); 
? Using routine herd data as a pre-screening test can reduce the number of farm visits needed 
for identification of herds with poor welfare (Chapter 3); 
? Routine herd data hold value for continuous monitoring of the level of dairy cattle welfare 
(Chapter 3); 
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? A limited number of welfare indicators has a strong influence on classification of dairy herds 
based on the Welfare Quality multicriteria evaluation model in its current form, especially for 
herds classified unacceptable (Chapter 4); 
? Classification based on the Welfare Quality multicriteria evaluation model in its current form is 
not very sensitive to improving single indicators of good health (Chapter 4);  
? Replacing indicators in the Welfare Quality protocol for dairy cattle by predictions based on 
remaining indicators shows little scope for reduction of on-farm assessment time per herd 
(Chapter 5); 
? Some aspects of housing and management are common risk factors for prevalence of 
lameness, lesions or swellings, and dirty hindquarters, but not for frequency of displacements 
(Chapter 6). 
 
Recommendations 
 
The pre-screening tests developed in this thesis for identification of herds with poor welfare might 
perform differently in another population (i.e. other than our study herds). Therefore, performance of 
these tests should be validated in other herds, as well as the corresponding reduction in the number of 
on-farm assessments. The system of pre-screening and subsequent on-farm assessment requires an 
overall score for the level of welfare in dairy herds. Therefore, the Welfare Quality multicriteria 
evaluation model should be improved in terms of its ability to reflect the relative importance of welfare 
indicators. This should involve an evaluation of the type of algorithmic operators and the role of expert 
opinion in this model. As soon as this model is improved, the value of RHD for pre-screening of 
classification of herds can be investigated. To reduce on-farm assessment time per herd, other 
strategies, such as automated monitoring, should be applied rather than the one investigated in this 
thesis. When other strategies are evaluated in terms of their ability to reduce on-farm assessment time, 
it should be taken into account that omission of individual indicators from the Welfare Quality 
protocol does not necessarily imply a reduction of assessment time. Finally, associations between 
housing and management factors and welfare indicators, other than the ones studied in Chapter 5, 
should be investigated, to contribute to knowledge of housing and management interventions that 
can potentially improve the level of dairy cattle welfare.  
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Summary 
 
In many countries, there is an increasing interest to assure the welfare of production animals. 
Assuring a certain level of welfare in dairy herds requires regular welfare assessment, as well as 
feedback and advice to farmers about interventions in housing and management to improve welfare. 
On-farm assessment of dairy cattle welfare, however, is time-consuming and, therefore, expensive. 
Besides this, effects of housing and management interventions can be conflicting for different 
indicators of dairy cattle welfare. These issues may hamper implementation of welfare assurance 
schemes and, therefore, improvement of dairy cattle welfare. The main objective of this thesis was to 
contribute to assurance of dairy cattle welfare by evaluating strategies to improve time-efficiency of 
welfare assessment and by identifying housing and management interventions for welfare 
improvement. Results presented are based on an observational study among 181 loose-housed and 13 
tied commercial Dutch dairy herds, which were selected with a composite score for mortality, udder 
health, and milk production. From November 2009 through March 2010, data relating to housing, 
management, and indicators of the Welfare Quality protocol for dairy cattle was collected from each 
herd. After all farms were visited, routine herd data (RHD) relating to demography, management, milk 
production, milk composition, and fertility were extracted for the same herds from several national 
databases (i.e. the Dutch identification and registration system, the rendering plant, the milk quality 
assurance company, the animal health service, and the cattle improvement syndicate). Because herds 
in the present study were not selected randomly, the observed prevalence was not representative of 
the population of Dutch dairy farms as a whole. 
In many developed countries, RHD are regularly collected from dairy farms. It was 
hypothesized that RHD could be used to identify herds with potentially poor animal welfare. This could 
reduce the number of on-farm assessments that are needed to identify these herds. In Chapter 2, 
scientific literature was reviewed to evaluate which variables of RHD had been associated with 
indicators of the Welfare Quality protocol for dairy cattle. Results showed that 23 out of 27 variables of 
RHD had been associated with 16 out of 34 welfare indicators. RHD related to milk yield, culling, and 
reproduction were associated with the largest number of welfare indicators. It was concluded that 
many variables of RHD have potential to estimate the level of welfare on dairy farms. Associations in 
the literature reviewed, however, were mainly univariable associations evaluated at the animal level or 
in an experimental setting. The true value of these data needs to be determined in common practice, 
using multiple variables of RHD for predicting dairy cattle welfare at the farm level.  
In Chapter 3, the value of RHD for predicting dairy cattle welfare at the herd level was 
evaluated for each indicator of the Welfare Quality protocol for dairy cattle, using the RHD and welfare 
data collected in the observational study described above. Results showed that predictions based on 
RHD for welfare indicators varied from less to highly accurate. RHD related to on-farm mortality were 
associated with the largest number of welfare indicators. When prediction models were forced to 
detect nearly all herds with a welfare problem (sensitivity of at least 97.5%), specificity ranged from 0 
to 81%. By forcing almost no herds to be incorrectly classified as having a welfare problem (specificity 
of at least 97.5%), sensitivity ranged from 0 to 67%. It was concluded that, for most welfare indicators, 
RHD have value for predicting dairy cattle welfare. Not only can RHD serve as a pre-screening test for 
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detecting herds with poor welfare to reduce the number of on-farm assessments, RHD also hold value 
for continuous monitoring of dairy cattle welfare.  
In order to decide whether a herd should be visited following a pre-screening, value 
judgments about the overall welfare of herds need to be made. This requires combining welfare 
indicators in an overall score. The European project Welfare Quality developed a multicriteria 
evaluation model to provide an overall score that should reflect the multidimensional nature of welfare 
and relative importance of indicators. In Chapter 4, we evaluated the relative importance of welfare 
indicators for classification of our study herds, based on the Welfare Quality multicriteria evaluation 
model. Results showed that herds classified unacceptable showed more very lean cows, more severely 
lame cows, and more often an insufficient number of drinkers than herds classified acceptable. Herds 
classified acceptable showed more cows with high somatic cell count, with lesions, that could not be 
approached closer than 1 m, colliding with components of the stall while lying down, lying outside the 
lying area, fewer cows with diarrhea, more often an insufficient number of drinkers, and scored lower 
for the descriptors “relaxed” and “happy” than herds classified enhanced. Increasing the number of 
drinkers and reducing the percentage of cows colliding with components of the stall while lying down 
were the changes that were most effective in allowing herds classified unacceptable and acceptable, 
respectively, to reach a higher class. The Welfare Quality multicriteria evaluation model was not very 
sensitive to improving single indicators of good health (e.g. prevalence of severely lame cows or cows 
with a high somatic cell count). It was concluded that a limited number of welfare indicators had a 
strong influence on classification of dairy herds, especially for herds classified unacceptable.  
A different strategy for improving time efficiency of welfare assessment is to reduce the time 
needed per on-farm assessment. In Chapter 5, we explored the possibility to reduce on-farm 
assessment time of the Welfare Quality protocol for dairy cattle, using the welfare data collected in the 
observational study described above. Assessment time of this protocol is approximately six hours for a 
herd of about 80 lactating cows, divided over four assessment methods: avoidance distance at the 
feeding rack (ADF, 44 min), qualitative behavior assessment (QBA, 25 min), behavioral observations 
(BO, 150 min), and clinical observations (CO, 132 min). To simulate reduction of on-farm assessment 
time, a set of welfare indicators belonging to one assessment method was omitted from the protocol. 
Observed values of omitted indicators were replaced by predictions based on welfare indicators of the 
remaining three assessment methods, resources checklist, and interview, thus mimicking the 
performance of the full protocol. Results showed that agreement between predicted and observed 
values of welfare indicators was low for ADF, moderate for QBA, slight to moderate for BO, and poor 
to moderate for CO. It was concluded that replacing animal-based welfare indicators by predictions 
based on remaining welfare indicators has little potential to reduce on-farm assessment time of the 
Welfare Quality protocol for dairy cattle.  
A welfare assessment should be succeeded by feedback of results to the farmer, which gives 
him or her opportunities to consolidate or improve the level of welfare in the herd. To improve the 
level of welfare, knowledge of housing and management interventions that may potentially lead to 
improvement, as well as their potential synergies and trade-offs for different welfare indicators, is 
essential. In Chapter 6, we identified and compared housing and management factors associated with 
the prevalence of lameness, lesions or swellings, dirty hindquarters, and the average frequency of 
displacements. For this purpose, we used the housing, management, and welfare data collected from 
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herds in free-stall housing in the observational study described above. Results showed that both the 
prevalence of lameness and lesions or swellings were lower in herds that had soft mats/mattresses or 
deep bedding in stalls compared with concrete, and in herds with summer pasturing compared with 
zero-grazing. Deep bedding in stalls was negatively associated with the prevalence of dirty 
hindquarters, compared with hard mats. No common risk factors were identified for the average 
frequency of displacements and other welfare indictors. It was concluded that changes in surface of 
the lying area and pasturing in summer can potentially lead to simultaneous improvement of multiple 
welfare indicators. 
Finally, in Chapter 7, the relevance of the results of this thesis for efficient assessment and 
improvement of dairy cattle welfare was discussed. The potential reduction in the number of on-farm 
assessments was shown for each welfare indicator of the Welfare Quality protocol for dairy cattle. The 
essence of an overall welfare score of herds for identifying herds with poor welfare was explained, as 
well as a potential reason why a limited number of welfare indicators strongly influence classification in 
the Welfare Quality multicriteria evaluation model. Furthermore, effectiveness of welfare assurance 
schemes for improvement of dairy cattle welfare was discussed, using empirical evidence from other 
studies. 
 
The final conclusions from the research presented in this thesis were:  
 
? Routine herd data in national herd databases are associated with various indicators of dairy 
cattle welfare (Chapter 2); 
? Routine herd data have value for estimating dairy cattle welfare at the herd level (Chapter 3); 
? Using routine herd data as a pre-screening test can reduce the number of farm visits needed 
for identification of herds with poor welfare (Chapter 3); 
? Routine herd data hold value for continuous monitoring of the level of dairy cattle welfare 
(Chapter 3); 
? A limited number of welfare indicators has a strong influence on classification of dairy herds 
based on the Welfare Quality multicriteria evaluation model in its current form, especially for 
herds classified unacceptable (Chapter 4); 
? Classification based on the Welfare Quality multicriteria evaluation model in its current form is 
not very sensitive to improving single indicators of good health (Chapter 4);  
? Replacing indicators in the Welfare Quality protocol for dairy cattle by predictions based on 
remaining indicators shows little scope for reduction of on-farm assessment time per herd 
(Chapter 5); 
? Some aspects of housing and management are common risk factors for prevalence of 
lameness, lesions or swellings, and dirty hindquarters, but not for frequency of displacements 
(Chapter 6). 
 
A number of general recommendations for future research can be given based on the studies 
presented in this thesis. The pre-screening tests developed in this thesis for identification of herds with 
poor welfare should be validated in other herds, as well as the corresponding reduction in the number 
of on-farm assessments. The Welfare Quality multicriteria evaluation model should be improved in 
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terms of its ability to reflect the relative importance of welfare indicators. As soon as this model is 
improved, the value of RHD for pre-screening of classification of herds can be investigated. To reduce 
on-farm assessment time per herd, other strategies such as automated monitoring should be applied 
rather than the one investigated in this thesis. Finally, associations between housing and management 
factors and welfare indicators, other than the ones studied in Chapter 5, should be investigated. This 
contributes to knowledge of housing and management interventions that can potentially improve the 
level of dairy cattle welfare.  
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Samenvatting 
 
In veel landen is er een toenemende behoefte om het welzijn van dieren in de veehouderij te 
waarborgen. Om een bepaald niveau van dierenwelzijn te kunnen waarborgen moet het welzijn met 
regelmaat worden beoordeeld. Daarnaast moeten resultaten van de beoordeling, en advies over 
aanpassingen in huisvesting en management om het welzijn te verbeteren, worden teruggekoppeld 
aan de veehouder. Wanneer dierenwelzijn op het bedrijf zelf beoordeeld wordt is dit echter tijdrovend, 
en daardoor kostbaar. Daarnaast kunnen aanpassingen in huisvesting en management conflicterende 
effecten hebben op verschillende indicatoren van dierenwelzijn. Deze bezwaren kunnen de 
implementatie van een kwaliteitssysteem voor dierenwelzijn, en daardoor tevens een mogelijke 
verbetering van dierenwelzijn, belemmeren. Het doel van het onderzoek beschreven in dit proefschrift 
was een bijdrage te leveren aan het waarborgen van het welzijn van melkvee, enerzijds door 
strategieën te evalueren die de tijdsefficiëntie van welzijnsbeoordeling kunnen verhogen, en anderzijds 
door aanpassingen in huisvesting en management voor het verbeteren van welzijn te identificeren.  
De resultaten beschreven in dit proefschrift zijn gebaseerd op een observationele studie op 
commerciële Nederlandse melkveebedrijven gehuisvest in 181 loopstallen en 13 grupstallen. Deze 
bedrijven waren geselecteerd op basis van een samengestelde score voor sterfte, uiergezondheid, en 
melkproductie. Tussen november 2009 en maart 2010 is op elk bedrijf data verzameld over 
huisvesting, management, en welzijnsindicatoren volgens het Welfare Quality protocol voor melkvee. 
Nadat alle bedrijven waren bezocht zijn bedrijfskengetallen van deze bedrijven, met betrekking tot 
demografie, management, melkproductie, melksamenstelling en vruchtbaarheid, geëxtraheerd uit 
verscheidene nationale databanken (I&R, Rendac, Qlip, Gezondheidsdienst voor Dieren en CRV). 
Aangezien de bedrijven in de onderliggende studie niet aselect gekozen waren zijn de gepresenteerde 
prevalenties niet representatief voor de Nederlandse populatie als geheel.   
In veel ontwikkelde landen worden met regelmaat bedrijfskengetallen van melkveebedrijven 
verzameld. Een hypothese in dit proefschrift was dat bedrijfskengetallen gebruikt kunnen worden om 
bedrijven te identificeren waar koeien een laag welzijnsniveau hebben. Dit zou het aantal 
bedrijfsbezoeken kunnen reduceren dat nodig is om deze bedrijven te identificeren. In Hoofdstuk 2 
van dit proefschrift is op basis van wetenschappelijke literatuur geëvalueerd welke bedrijfskengetallen 
geassocieerd zijn met welzijnsindicatoren van het Welfare Quality protocol voor melkvee. 
Drieëntwintig van de 27 onderzochte bedrijfskengetallen waren geassocieerd met 16 van de 34 
onderzochte welzijnsindicatoren. Bedrijfskengetallen gerelateerd aan melkproductie, afvoer en 
vruchtbaarheid waren met het grootste aantal welzijnsindicatoren geassocieerd. Geconcludeerd werd 
dat veel bedrijfskengetallen potentie hebben om het niveau van dierenwelzijn op melkveebedrijven te 
voorspellen. Associaties die gevonden werden in de bestudeerde literatuur betroffen echter 
voornamelijk univariabele associaties die geëvalueerd waren op dierniveau of in een experimentele 
setting. De werkelijke waarde van de bedrijfskengetallen moet worden bepaald op praktijkbedrijven, 
gebruikmakend van meerdere bedrijfskengetallen voor het voorspellen van welzijn van melkvee op 
bedrijfsniveau.   
In Hoofdstuk 3 is de waarde van bedrijfskengetallen voor het voorspellen van welzijn van 
melkvee op bedrijfsniveau onderzocht voor iedere indicator van het Welfare Quality protocol voor 
melkvee, waarbij gebruik werd gemaakt van de data verzameld in de hierboven beschreven 
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observationele studie. Uit de resultaten bleek dat voorspellingen van welzijn op basis van 
bedrijfskengetallen varieerde van weinig tot hoog accuraat, afhankelijk van de welzijnsindicator. 
Bedrijfskengetallen gerelateerd aan sterfte op het bedrijf waren geassocieerd met het hoogste aantal 
welzijnsindicatoren. Wanneer predictiemodellen zodanig werden ingesteld dat alle bedrijven met een 
welzijnsprobleem werden gedetecteerd (i.e. een sensitiviteit van tenminste 97.5%), varieerde de 
specificiteit van 0 tot 81% tussen welzijnsindicatoren. Wanneer de modellen zo werden ingesteld dat 
bijna geen bedrijven onterecht geclassificeerd werden als een bedrijf met een welzijnsprobleem (i.e. 
een specificiteit van tenminste 97.5%), varieerde de sensitiviteit van 0 tot 67% tussen 
welzijnsindicatoren. Er werd geconcludeerd dat bedrijfskengetallen voor de meeste welzijnsindicatoren 
waarde hebben voor het voorspellen van welzijn van melkvee. Bedrijfskengetallen kunnen worden 
gebruikt als een screening voor het identificeren van bedrijven met een laag dierenwelzijnsniveau 
waardoor het aantal bedrijfsbezoeken gereduceerd kan worden. Daarnaast hebben bedrijfskengetallen 
waarde om dierenwelzijn met regelmaat te monitoren.  
Om te beslissen of een bedrijf bezocht moet worden na een screening is een oordeel nodig 
over het algehele niveau van dierenwelzijn. Hiervoor moeten individuele welzijnsindicatoren worden 
gecombineerd tot één geïntegreerde score. Het Europese project Welfare Quality heeft hiervoor een 
multicriteria-evaluatiemodel ontwikkeld. Met dit model krijgen bedrijven een welzijnsclassificatie 
toegewezen die het multidimensionale karakter van dierenwelzijn en het relatieve belang van 
indicatoren zou moeten weerspiegelen. In Hoofdstuk 4 is het relatieve belang van de indicatoren voor 
de classificatie van de bedrijven uit onze observationele studie onderzocht, gebaseerd op het Welfare 
Quality multicriteria-evaluatiemodel. Uit de resultaten bleek dat bedrijven die geclassificeerd werden 
als onacceptabel meer magere en ernstig kreupele koeien hadden, en vaker onvoldoende drinkbakken 
hadden dan bedrijven die geclassificeerd werden als acceptabel. Bedrijven die geclassificeerd werden 
als acceptabel hadden meer koeien met een hoog celgetal, met verwondingen, die niet dichter dan 1 
m benaderd konden worden, die zich tegen de boxafscheiding stoten bij het gaan liggen en die buiten 
het ligbed lagen, maar minder koeien met diarree dan de bedrijven die geclassificeerd werden als 
goed. Daarnaast hadden deze bedrijven vaker onvoldoende drinkbakken, en scoorden slechter voor de 
termen “relaxed” en “happy”. Om een hogere classificering te krijgen was het verhogen van het aantal 
drinkbakken het meest effectief voor bedrijven geclassificeerd als onacceptabel, en het verlagen van 
het percentage koeien die zich stoten tegen de boxafscheiding het meest effectief voor bedrijven 
geclassificeerd als acceptabel. Het Welfare Quality multicriteria-evaluatiemodel was niet erg gevoelig 
voor verbetering van individuele indicatoren van goede gezondheid (bijv. het verlagen van het 
percentage ernstig kreupele koeien of het percentage koeien met een hoog celgetal). Geconcludeerd 
werd dat een beperkt aantal welzijnsindicatoren een sterke invloed heeft op classificatie van 
melkveebedrijven, met name voor bedrijven die geclassificeerd zijn als onacceptabel. 
Een andere strategie voor het verbeteren van de tijdsefficiëntie van welzijnsbeoordelingen is 
de reductie van de tijd die nodig is per bedrijf. In Hoofdstuk 5 hebben we de mogelijkheid onderzocht 
om de tijd per bedrijfsbeoordeling voor het Welfare Quality protocol voor melkvee te reduceren, 
waarbij gebruik werd gemaakt van de data verzameld in de hierboven beschreven observationele 
studie. De tijd per bedrijfsbeoordeling van dit protocol is ongeveer zes uur voor een bedrijf met 
ongeveer 80 koeien in lactatie, verdeeld over vier beoordelingsmethoden: een ontwijktest aan het 
voerhek (44 minuten), een kwalitatieve gedragsbeoordeling (25 minuten), gedragsobservaties (150 
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minuten), en klinische observaties (132 minuten). Om de reductie van een bedrijfsbeoordeling te 
simuleren werd een set welzijnsindicatoren behorende bij één beoordelingsmethode uit het protocol 
verwijderd. De geobserveerde waarden van de verwijderde indicatoren werden vervolgens vervangen 
door voorspelde waarden gebaseerd op de indicatoren in de andere drie beoordelingsmethoden, en 
gegevens over huisvesting en management. Als zodanig werd het protocol als geheel nagebootst. Uit 
de resultaten bleek dat de overeenkomst tussen de voorspelde en geobserveerde waarden van 
welzijnsindicatoren laag was voor de ontwijktest, middelmatig voor de kwalitatieve 
gedragsbeoordeling, gering tot middelmatig voor de gedragsobservaties, en slecht tot middelmatig 
voor de klinische observaties. Geconcludeerd werd dat het vervangen van welzijnsindicatoren door 
voorspellingen gebaseerd op resterende welzijnsindicatoren weinig potentie heeft voor het reduceren 
van de tijd per bedrijfsbeoordeling voor het Welfare Quality protocol voor melkvee.  
Een welzijnsbeoordeling moet worden opgevolgd door een terugkoppeling van de resultaten 
naar de veehouder, zodat hij/zij de mogelijkheid krijgt het welzijnsniveau van zijn/haar veestapel te 
behouden of te verbeteren. Om het welzijnsniveau te verbeteren is kennis van zowel aanpassingen in 
huisvesting en management ter verbetering van welzijn als kennis van eventuele synergetische en 
conflicterende effecten van deze aanpassingen op verschillende welzijnsindicatoren essentieel. In 
Hoofstuk 6 zijn huisvestings- en managementfactoren geassocieerd met de prevalentie van 
kreupelheid, verwondingen en zwellingen, bevuilde flanken, en de gemiddelde frequentie van 
verplaatsingen geïdentificeerd en vergeleken. Hierbij is gebruik gemaakt van huisvestings-, 
management- en welzijnsdata die verzameld zijn in ligboxenstallen in de hierboven beschreven 
observationele studie. Uit de resultaten bleek dat zowel de prevalentie van kreupelheid als de 
prevalentie van verwondingen en zwellingen lager was op bedrijven met zachte matten/matrassen of 
diepstrooiselboxen dan die met alleen beton als ligbed, en lager op bedrijven met zomerbeweiding 
dan op bedrijven zonder beweiding. De prevalentie van bevuilde flanken was lager op bedrijven met 
diepstrooiselboxen dan op bedrijven met harde matten. Risicofactoren voor de frequentie van 
verplaatsingen en andere welzijnsindicatoren waren niet identiek. Geconcludeerd werd dat 
aanpassingen in het ligbedoppervlak en zomerweidegang mogelijk kunnen leiden tot simultane 
verbetering van verschillende welzijnsindicatoren.  
In Hoofdstuk 7 is de relevantie van de resultaten van dit proefschrift voor efficiënte 
beoordeling en verbetering van welzijn van melkvee bediscussieerd. De potentiële reductie in het 
aantal bedrijfsbeoordelingen is beschreven voor elke welzijnsindicator in het Welfare Quality protocol 
voor melkvee. De essentie van een geïntegreerde score voor melkveebedrijven voor het identificeren 
van bedrijven met een laag welzijnsniveau is toegelicht, alsmede een potentiële verklaring van de 
bevinding dat een beperkt aantal welzijnsindicatoren een sterke invloed uitoefent op de classificatie 
van het Welfare Quality multicriteria-evaluatiemodel. Ten slotte is de effectiviteit van een 
kwaliteitssysteem voor het verbeteren van dierenwelzijn bediscussieerd aan de hand van empirisch 
bewijs uit andere wetenschappelijke studies.  
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De conclusies van het onderzoek beschreven in dit proefschrift waren: 
 
? Bedrijfskengetallen in nationale databanken zijn geassocieerd met diverse welzijnsindicatoren 
voor melkvee (Hoofdstuk 2);  
? Bedrijfskengetallen hebben potentie om het welzijn van melkvee op bedrijfsniveau te 
voorspellen (Hoofdstuk 3); 
? Door bedrijfskengetallen te gebruiken als screening test kan het aantal bedrijfsbezoeken dat 
nodig is voor het identificeren van bedrijven met verminderd welzijn worden gereduceerd 
(Hoofdstuk 3); 
? Bedrijfskengetallen hebben waarde voor het continu monitoren van dierenwelzijn (Hoofdstuk 
3);  
? Een beperkt aantal welzijnsindicatoren heeft sterke invloed op de welzijnsclassificatie van 
melkveebedrijven gebaseerd op het huidige Welfare Quality multicriteria-evaluatiemodel, met 
name voor bedrijven die geclassificeerd zijn als onacceptabel (Hoofdstuk 4); 
? Classificatie op basis van het huidige Welfare Quality multicriteria-evaluatiemodel is weinig 
gevoelig voor verbetering van individuele indicatoren van goede diergezondheid (Hoofdstuk 
4); 
? Vervanging van indicatoren in het Welfare Quality protocol voor melkvee door voorspelde 
waarden gebaseerd op resterende indicatoren heeft weinig potentie voor het reduceren van 
de tijd per bedrijfsbeoordeling (Hoofdstuk 5); 
? Diverse huisvestings- en managementaspecten zijn gezamenlijke risicofactoren voor de 
prevalentie van kreupelheid, verwondingen en zwellingen, en bevuilde flanken, maar niet voor 
de frequentie van verplaatsingen (Hoofdstuk 6). 
 
Op basis van het onderzoek beschreven in dit proefschrift kan een aantal algemene aanbevelingen 
voor toekomstig onderzoek worden gegeven. De screening test ontwikkeld in dit onderzoek voor het 
identificeren van bedrijven met verminderd welzijn moet op andere bedrijven gevalideerd worden, 
alsmede de overeenkomstige reductie in het aantal bedrijfsbezoeken. Het Welfare Quality 
multicriteria-evaluatiemodel moet worden verbeterd wat betreft zijn vermogen om het relatieve 
belang van welzijnsindicatoren te reflecteren. Met een verbeterd model kan de waarde van 
bedrijfskengetallen voor het voorspellen van een classificatie van bedrijven worden onderzocht. Om de 
tijd per bedrijfsbeoordeling te reduceren zouden andere strategieën, zoals geautomatiseerde 
monitoring van dierenwelzijn,  gebruikt moeten worden in plaats van de strategie onderzocht in dit 
proefschrift. Ten slotte zouden, in aanvulling op de associaties gevonden in Hoofdstuk 5, associaties 
tussen huisvestings- en managementfactoren en andere welzijnsindicatoren onderzocht moeten 
worden om bij te dragen aan kennis die kan leiden tot verbetering van het welzijn van melkvee.  
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Dankwoord 
 
Een proefschrift schrijven kan je niet alleen. Achter de grote hoeveelheid tekst, getallen en lijnen in dit 
proefschrift gaan onmisbare bijdragen schuil van een groot aantal mensen. Zonder hen zou dit 
proefschrift er niet gekomen zijn. Ik ben er trots op dat zoveel mensen samengewerkt hebben om bij 
te dragen aan de verbetering van het welzijn van melkvee.  
 
Allereerst wil ik mijn promotor Imke de Boer bedanken voor haar kennis, bevlogenheid en 
betrokkenheid bij dit onderzoek. Jouw enthousiasme voor het onderzoek werkt aanstekelijk. Al voor de 
start van mijn promotietraject heb je me op een gedreven manier alles geleerd over het opzetten, 
uitvoeren en opschrijven van goed onderzoek. Daarmee is de basis gelegd voor dit proefschrift. Ik ben 
dan ook heel blij dat je mijn promotor wilde worden. Mijn co-promotor Eddie Bokkers is mijn 
belangrijkste sparringpartner geweest voor het gedachtegoed achter de studies in dit proefschrift. Het 
aantal pennen dat ik gedurende de aflopen vier jaar van jou heb ontvreemd is een goede indicator van 
de mate waarin ik je deur heb platgelopen. Ik ben je erg dankbaar voor je behulpzaamheid, het inzicht 
en de kennis waarvan je me voorzag bij het opzetten en uitvoeren van dit promotieonderzoek. Ik zie er 
naar uit onze samenwerking voort te zetten als collega’s bij DPS.  
 
Het karakter van het onderzoek in dit proefschrift vereiste kennis van zowel systeembenadering en 
dierenwelzijn als epidemiologie, welke goed vorm kreeg door de samenwerking met Thomas Dijkstra 
en Gerdien van Schaik van de Gezondheidsdienst van Dieren. Als co-promotor ben ik Thomas zeer 
erkentelijk voor het inzetten van zijn veterinaire kennis en zijn pragmatische aanpak bij dit onderzoek, 
waardoor met de name de observatieperiode een succes werd. Gerdien, jouw kennis van veterinaire 
epidemiologie en scherpe, praktisch-doch-wetenschappelijke blik was onmisbaar, vooral in de laatste 
twee jaar van dit onderzoek. Ik ben je erg dankbaar voor onze plezierige samenwerking.  
 
Op deze plek wil ik ook graag twee andere mensen bedanken die voor dit promotietraject van 
bijzonder belang zijn geweest. Akke van der Zijpp wil ik graag bedanken voor haar hulp en vertrouwen 
in mij om te kunnen uitgroeien tot een goed onderzoeker. Bas Engel is voor mij een mentor geweest 
tijdens dit promotietraject. Bas, bedankt voor je kundige advies over het statistisch onderzoek in dit 
proefschrift, en voor je toewijding en enthousiasme waardoor onze samenwerking voor mij erg 
plezierig was.   
 
I am very grateful to the members of the thesis committee, professor Bas Kemp, professor Miriam 
Nielen, doctor Kees van Reenen, and doctor Isabelle Veissier, for participating in this committee, and 
for their critical evaluation of this manuscript.  
 
Aan de observatieperiode van dit promotieonderzoek heeft een groot aantal personen meegewerkt. 
Firstly, I would like to thank Christoph Winckler and Lissy Gratzer for providing the 3-day training for 
observers to apply the Welfare Quality protocol for dairy cattle, as well as their invaluable help and 
advice in setting up the observational study. Dankzij de ontwikkeling van programmatuur voor de 
handcomputers door Hans van den Heuvel is de opslag en verwerking van data van de 
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bedrijfsbezoeken zeer efficiënt verlopen. Ook de medewerkers van proefaccommodatie de 
Ossekampen en de familie Hulshof in Lievelde wil ik bedanken voor het beschikbaar stellen van hun 
bedrijf voor de training van de waarnemers. Fons en Ria, ook heel hartelijk dank dat ik in jullie huis in 
de stilte van het platteland aan mijn proefschrift kon werken! Graag wil ik ook de 196 veehouders 
bedanken die hun melkveebedrijf openstelden voor dit onderzoek. Zonder hun medewerking was dit 
onderzoek niet mogelijk geweest. De belangrijkste personen achter de data die gepresenteerd zijn in 
dit proefschrift zijn de waarnemers die gezamenlijk deze 196 bedrijven hebben bezocht in de winter 
van 2009/2010: Thomas Dijkstra, Anton Gosselink, Hans Miltenburg, Fokje Steenstra, Rik Vlemminx, en 
Jan van Vliet. Er zijn heel wat lange dagen, bevroren tenen, en slaapverwekkende gedragsobservaties 
aan voorafgegaan om aan deze grote hoeveelheid data te komen. Dank voor jullie geweldige inzet en 
doorzettingsvermogen! Fokje, bedankt ook nog voor je hulp bij het ontwikkelen van de interviews, de 
lay-out van het proefschrift en je bijdrage aan het gedachtegoed achter dit proefschrift door onze 
discussies en gezamenlijke begeleiding van studenten.  
 
Bij de Gezondheidsdienst voor Dieren ben ik Henriëtte Brouwer zeer dankbaar voor haar uitleg over de 
bedrijfskengetallen die zijn gebruikt voor het onderzoek in dit proefschrift, en het opvragen en 
bewerken daarvan. Jouw eerste adviezen voor dit project waren erg waardevol voor de uitkomsten die 
hier in dit proefschrift staan beschreven! Graag wil ik ook Wim Swart en Ingrid den Uijl bedanken voor 
het meedenken over dit onderzoek en voor hun statistische adviezen die mij, vooral in de beginfase, 
goed in het zadel hebben geholpen. Bedankt! Onmiskenbaar is ook het vriendelijke onthaal, de hulp 
en gezelligheid van de andere dames op de ‘epi-kamer’: Anouk, Inge en Maaike, bedankt!  
 
Verschillende mensen hebben mij geholpen met de analyses van de data die zijn verzameld tijdens de 
observatieperiode. I am very grateful to Raphaelle Botreau for her help in building and understanding 
the Welfare Quality multicriteria evaluation model, as well as her help in writing and interpretation of 
results in the final paper. Ik wil Jac Thissen danken voor het bouwen van het Welfare Quality model in 
Genstat, en Willem Buist voor zijn hulp bij het opzetten en interpreteren van de risico analyses. Ook wil 
ik de studenten die met de data van dit onderzoek hebben gewerkt bedanken voor hun enthousiasme 
en de inzichten die door hun werk zijn verkregen: Margret, Marike, Fleur, Erwin, Ep, Evie, Rik, Ilse, Koen 
en Jerome.  
 
I would like to thank Mike Grossman, who taught me the art of scientific writing, for his contribution to 
the quality of this manuscript and to the brevity of the title! Linda Koenis wil ik bedanken voor haar 
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Aan het begin van mijn promotietraject had ik me voorgenomen om het dankwoord hierbij te laten. Al 
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Collega’s werden vrienden en vormden een warme, inspirerende werkomgeving waarin ik me erg thuis 
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in de gezellige AIO kamer (“nou-ja-zeg!”), onderonsjes met Heleen, polonaises bij een geaccepteerd 
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Raard (Friesland), 1956. Jan Steenstra en zijn dochter Janny (moeder van de promovenda). Jan 
Steenstra had ongeveer 25 zwartbonte koeien (Fries stamboekvee). Hij waste iedere zaterdag de 
staarten van alle koeien. In de verte is de boerderij te zien waar hij zich in de tweede helft van de jaren 
’30 vestigde.    
  
 
